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IV 


ABSTRACT 


Present  Compressive  Receiver  implementations  are 
limited  due  to  their  analog  implementation  and  the 
necessity  for  digital  processing  of  the  serial  output  data. 
Previous  research  has  shown  that  a  stepped- frequency 
digital  design  using  sub-Nyquist  saitpling  mitigates  many  of 
the  limitations.  An  algorithm  that  implements  the  Chinese 
Remainder  Theorem  to  solve  the  frequency  ambiguities  that 
occur  in  the  design  due  to  sub-Nyquist  sampling  with  high 
resolutions  is  investigated.  Different  resolutions,  a 
different  number  of  sairpling  frequencies,  and  sampling 
frequency  pairs  and  triples  with  various  differences  are 
simulated  for  one  to  five  signals  that  overlap  in  the  time 
domain.  Predictions  for  the  best  achievable  resolution,  the 
minimum  number  of  sampling  frequencies  needed,  and  the 
difference  required  between  the  sampling  frequencies  are 
made  according  to  the  comparison  of  simulation  results. 
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I. 


INTRODUCTION 


Although  the  theoretical  advantages  of  Compressive 
Receivers  have  been  recognized  for  many  years,  their 
practical  implementation  has  been  limited  to  experimental 
units  in  the  ELINT  frequency  band  (2  -  18  GHz)  ,  and 
operational  units  in  the  COMINT  frequency  band  (2  -  500 
MHz)  .  This  restricted  use  of  Compressive  Receivers  is  due 
to  limitations  in  the  areas  of: 

•  The  analog  implementation 

•  The  digital  processing  of  the  serial  output  data 

Schleher  has  investigated  the  feasibility  of  a  new 
type  of  wideband  digital  compressive  receiver,  which  would 
overcome  these  difficulties  [Ref.  1],  The  feasibility  of 
this  receiver  was  demonstrated  through  simulation  in  1997. 

It  covers  a  bandwidth  of  8  GHz,  with  100  percent  probability 
of  intercept . 

In  the  stepped- frequency  compressive  receiver  approach, 
the  restrictions  due  to  the  analog  implementation  and 
digital  processing  are  overcome  using  sub-Nyquist  sampling 
in  combination  with  stepped- frequency  chirp  processing. 
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The  stepped- frequency  approach  substantially  reduces 
the  bandwidth  of  the  digital  processing  components  from  32 
GHz  to  9  GHz.  Unfortunately,  this  still  requires  an  18  GHz 
A/D  converter  for  Nyquist  rate  sampling,  which  is  an 
impractical  number. 

On  the  other  hand,  employing  sub-Nyquist  rate  sart^ling 
reduces  the  bandwidth  of  the  digital  processing  components 
to  practical  nvimbers,  i.e.,  1-2  GHz. 

However,  sub-Nyquist  rate  sampling  has  the  undesirable 
effect  of  folding  the  frequency  components  of  the  sampled 
signal  into  the  fundamental  range  between  ±/s/2  and, 
consequently,  causing  ambiguities.  Although  there  is  no  way 
to  resove  these  ambiguities  by  using  one  set  of  data,  they 
can  be  resolved  by  sampling  the  signal  more  than  once. 

This  thesis  develops  an  algorithm  to  solve  the 
frequency  ambiguities  that  occur  in  wideband  digital 
compressive  receiver  design  when  we  use  siib-Nyquist 
sampling  with  high  resolutions,  such  as  5,  10,  or  25  MHz. 
This  algorithm  was  coded  in  Mat  lab®  and  then  some 
parameters  were  varied  to  see  their  effects. 

We  will  start  Chapter  II  by  presenting  some 
fundamentals  of  the  Sampling  and  Chinese  Remainder  Theorems 
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and  the  General  Product  Rule.  Chapter  III  will  expand  on 
the  wideband  digital  compressive  receiver  design  and  the 
ambiguity  problem.  The  development  of  the  algorithm  and  the 
analysis  of  the  results  of  its  application  are  presented  in 
Chapters  IV  and  V,  respectively.  Chapter  VI  then  summarizes 
and  concludes  this  work  and  provides  recommendations  for 
future  research.  Matlab  codes  used  in  this  thesis  are 
included  in  Appendix  A.  The  results  of  the  experiments  with 
different  parameters  are  presented  in  Appendix  B. 
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II.  FUNDAMENTALS 


The  objective  of  this  chapter  is  to  ensure  that  the 
reader  is  familiar  with  the  basics  of  the  Sampling  and 
Chinese  Remainder  Theorems,  and  the  General  Product  Rule. 
It  does  not  intend  to  be  a  complete  reference  on  these 
subjects,  but  to  highlight  those  aspects  of  these  subjects 
pertinent  to  this  thesis. 

A.  SAMPLING  THEORY 

The  sampling  process  may  be  studied  in  either  the 
time-domain  or  frequency- domain.  We  use  benefits  of  both 
approaches  and  focus  on  whichever  one  we  find  more  helpful 
in  understanding  the  important  issues  in  sampling. 

1 .  Sampling 

Sinusoidal  waveforms  of  the  form 

r(f)  =  Acos{27tfj  +  ^)  (2.1) 

are  examples  of  continuous -time  signals.  Continuous- time 
signals  are  represented  mathematically  by  functions  of 
time,  x(t) ,  where  t  is  a  continuous  variable. 

A  discrete- time  signal  is  represented  mathematically 
by  an  indexed  sequence  of  numbers .  We  denote  the  values  of 
such  a  sequence  as  x[n] ,  where  n  is  the  integer  index 
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indicating  the  order  of  the  values  in  the  sequence.  We  can 
obtain  discrete- time  signals  by  saitpling  a  continuous -time 
signal  x(t) ;i.e. , 

r[n]  =  A:(nr^)  -oo<n<oo 

The  operation  of  sampling  is  represented  by  a  block 
diagram,  as  in  Figure  2.1  [Ref.  2]. 


x(t) 

A/D 

Converter 

x[n]=x(nTs) 

. W 

w 

w 

i 

Ts=l/fs 

Figure  2.1  -  Block  Diagram  Representation  o£  Analog-to- 
Digital  (A/D)  Converter  (After  Ref.  2). 

In  order  to  understand  the  effect  of  sampling, 

consider  an  input  band  limited  signal  x(t)  that  is 

multiplied  by  a  sampling  function  i(t)  consisting  of  a 

series  of  impulses  separated  by  the  sample  period  Ts=l/fs> 

then  the  sampled  signal  x*  (t)  will  be: 

r*(r)  =  r(f)  •  i(r) 

oo 

x*(t)=x{f)  •  X^(r-nrJ 

—  oo 

x*(?)=  ■  5if  —  nT^)  (2.2) 

—  OO 

where  Ts  =  Sampling  Period  [Ref.  3]  . 
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Figure  2.2  shows  this  sampling  process  in  the  time  and 
frequency  domains.  Notice  how  the  sampling  process  changes 
the  location  of  the  various  spectrum  components  that  make 
up  the  signal .  The  spectrxam  of  the  sampled  signal  is  a 
periodic  replication  of  the  iinsampled  signal  spectrum 
separated  by  the  sampling  frequency  [Ref.  4].  This  is 
significant  as  it  provides  a  means  of  understanding  the 
effects  of  sampling  on  the  signal . 

2.  Recovering  the  Original  Signal  emd  Aliasing 
We  can  reconstruct  the  original  band  limited  signal  by 
applying  an  ideal  bandpass  filter  to  the  sampled  signal  as 
long  as  we  have  enough  sample  points  {Figure  2.3).  The 
process  of  recovering  original  waveform  from  sanples  by 
filtering  is  illustrated  in  the  frequency  domain  in  Figure 
2.4.  These  statements  naturally  raise  the  question  of  how 
frequently  we  must  sample  in  order  to  retain  enough 
information  to  reconstruct  the  original  continuous-time 
signal.  The  answer  to  this  question  is  given  by  the 
Sampling  Theorem,  which  states  that  when  the  sampling  rate 
is  greater  than  twice  the  highest  frequency  conponent 
contained  in  the  spectrum  of  the  analog  signal,  the  signal 
can  be  reconstructed  from  the  samples.  This  minimxam 
sampling  rate  is  called  the  Nyquist  rate. 
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Time-Domain 


Frequency-Domain 


Figure  2,2  -  Sajs^ling  in  Time  and  Frequency  Dcmiains  (After 

Ref .  3 ) . 


x*(t) 

- ► 


Figure  2.3  -  Block  Diagram  Representation  of  Recovering 
Original  Waveform  (After  Ref .  3 ) . 

Notice  that  the  Nyquist  rate  implies  that 
reconstruction  of  a  signal  is  possible  if  we  have  at  least 
two  samples  per  period  [Ref.  2]  .  Aliases  will  occur  if  we 
sample  at  a  rate  less  than  twice  the  highest  frequency 
(Figure  2.5). 

We  can  derive  a  formula  that  gives  the  inter¬ 
relationship  between  the  signal  frequency  /©,  and  the 
sampling  rate  /s,  by  considering  in  greater  detail  the  case 
of  continuous -time  sinusoid  in  Equation  2.1: 

jcfn]  =  x{nT^ )  =  Acos{27f^nT^  +  ^)  (2.3) 

Now  consider  another  sinusoid  with  the  same  amplitude 

and  phase,  but  with  a  different  frequency,  /o+m/s,  where  m 
is  an  integer  and  Ts=l/fs. 


Ideal 

m 

Bandpass 

. .  ^ 

Filter 

w 

9 


Frequency 


X*((o) 


Figure  2.5  -  Aliasing  in  Frequency  Domain  Due  to 
Undersanpling  (After  Ref  . 4 ) . 

If  this  second  waveform,  y{t) ,  is  sampled  with  sampling 
frequency  /s,  we  get: 

j[n]  =  y[nT^ ) = Acoi;2Tt{f^  +  mf^  )nT^  +  0) 

=  Acos(27f^nT^+2mnfJ^+4>) 

=  Acos{27f^nT^  +  27m + (/>) 

=  Acos{27f^nT^+<p) 


In  other  words,  y[n]  has  the  same  sample  values  as 
x[n] ,  so  it  is  indistinguishable  from  x[n] .  Since  m  was 
specified  only  as  an  integer  (either  positive  or  negative) , 
this  means  that  there  are  an  infinite  number  of  sinusoids 
that  give  the  same  sequence  of  samples  as  x[n]  .  These 
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infinite  aliases  of  the  frequency  fo  with  respect  to  the 
sampling  frequency  fs  will  occur  at  frequencies  ±/o+m/s 
[Ref  2] . 

3 .  Sub-Nyquist  SanQ>ling 

To  better  understand  the  effect  of  sub-Nyquist 
sampling,  consider  the  sampled  signal  x*(t)  in  Equation 
2.2,  which  is  the  input  waveform,  x(t) ,  multiplied  by  the 
sampling  function,  i(t) .  The  spectriam  of  the  sampled  signal 
x*(t)  equals: 


X*(Q))='ZS(a)  +  no)J  (2.5) 

— oo 

Note  from  Equation  2.5  that  as  n  varies,  signals 
produce  frequency  components  in  the  frequency  range  between 
±/s/2.  Thus,  sub-Nyquist  sampling  has  the  effect  of 
translating  the  frequency  components  of  the  signal  into  the 
fundamental  range  between  ±fs/2.  The  frequency  translation 
of  signals  into  the  fundamental  band  by  the  use  of  sub- 
Nyquist  sairpling  can  be  seen  in  Figure  2.6. 

As  stated  earlier  the  digitization  of  a  signal  is 
usually  governed  by  the  Nyquist  rate  where  the  sampling 
frequency  is  at  least  twice  the  signal  bandwidth.  The 
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Nyquist  rate  however,  places  a  limitation  only  on  the 
information  that  can  be  derived  from  a  single  set  of 
digitized  data.  If  the  sampling  frequency  is  less  than 
twice  the  bandwidth  of  the  signal  being  digitized, 
aliasing,  and  consequently  ambicfuities  occur.  With 
additional  information  however,  ambiguous  frequency 
components  due  to  undersampling  inay  be  resolved  [Ref  5]  . 

Output  Frequency 


Figure  2.6  -  Input  Frequency  Band  versus  Output  Frequency 
Band  for  Sub-Nyquist  Sampling  (After  Ref.l). 

B.  THE  CHINESE  REMAINDER  THEOREM 

Before  introducing  the  Chinese  Remainder  Theorem,  some 
definitions  should  be  noted: 

•  Definition  of  Relatively  Prime:  The  integers  a  and  b 
are  called  relatively  prime  if  a  and  b  have  a 
greatest  common  divisor  of  unity  (a,  b)=l. 
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•  Definition  of  Divides:  If  a  and  b  are  integers,  we 
say  a  divides  b,  a|Jb,  if  there  is  an  integer  c  such 
that  b=ac. 

•  Definition  of  Modulo:  Let  in  be  a  positive  integer. 
If  a  and  b  are  integers,  we  say  that  a  is  congruent 
to  b  modulo  m,  a=b(mod  m) ,  if  mj  (a-b)  [Ref.  6]  . 

Now,  having  reviewed  the  relevant  definitions,  the 
Chinese  Remainder  Theorem  can  be  introduced: 

Suppose  the  moduli  mi, m2,...,  mn  are  relatively  prime  in 
pairs,  that  is,  (mi,  mj)=l  for  all  i  and  j  satisfying 

l<i<j^.  Then,  the  system  of  congruences, 

X  =  ai  (mod  mi) 

X  =  a2  (mod  m2) 

X  =  an  (mod  mn) 

has  a  solution.  If  we  define  M=mi'm2-mn,  and  if  for 

i=l,2,...,n  bi  is  chosen  so  that  (M/mi)bi  =  1  (mod  mi),  then  x 
satisfies  congruences  if  and  only  if  [Ref.  7] : 

X  =  [M/mi)  biai+ {M/m2)  b2a2+...+ {M/mn)  bnSn  (mod  M)  (2.6) 

In  other  words,  the  Theorem  states  that  if  an  unknown 
X  is  divided  by  mi  and  the  remainder  is  ai,  the  result  can 
be  written  using  the  following  notation: 
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X 


(2.7) 


=  a^(mod/n^) 

where  i  = 

Then,  in  order  to  find  the  solution  to  the  problem,  we 
should  find  {bi}  values  by  using: 

{M/m^)b^  =  (mod  (2.8) 

and  putting  these  values  into  the  Equation  2.6: 

n 

x=  ^(M/m.)b.a. 

{i=o 

where  n  is  the  total  nxomber  of  arrangements,  and  bi  is  an 
integer. 

Let  us  solve  a  sample  problem  to  demonstrate  the 
application  of  this  theorem: 

Given  ai=3,  mi=7;  3^=2,  ^2=10;  3^=5,  m3=ll,  (notice  that 
7,  10,  and  11  are  relatively  prime),  let  us  find  x. 

Since  we  have  earlier  stated  M=mi-m2^-mn,  we  can  easily 
find  that  W=7  •  10  •  11=770  and  the  {bi)  can  be  obtained  by 
trial  and  error  [Ref.  8] : 

{M/mi)bi  =  110*3  s  1  (mod  mi)  =»  bi=3 
{M/m2)b2=  77*3  s  1  (mod  m2)  =»  b2=3 
{M/ms)  bs  =  70*3  =  1  (mod  m3)  =»  b3=3 

Then: 

x=(3 • 110 *3+2 *77* 3+5. 70 *3)  mod (770) 
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=  (990+462+1,050)  raod(770) 


=2,052  mod (770) 

=192 

C.  GENERAL  PRODUCT  RULE 

Suppose  a  set  consists  of  ordered  collections  of  k 
elements  (Jc-tuples)  and  that  there  are  ni  possible  choices 
for  the  first  element;  for  each  choice  of  the  first 
element,  there  are  TI2  possible  choices  of  the  second  element 
and  so  on.  Finally,  for  each  possible  choice  of  the  first 
k-1  elements,  there  are  n^  choices  of  the  kth.  element.  Then 
there  are  nin2 . n^  possible  k-tuples  [Ref.  9]. 
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III.  WIDEBAND  DIGITAL  COMPRESSIVE  RECEIVERS 


A.  INTRODUCTION 

Compressive  Receivers  for  SIGINT  applications  against 
radar  and  communications  emitters  have  the  following 
theoretical  capabilities  [Ref  1]  : 

•  Allows  wideband  direction  finding  in  a  dense  signal 

environment:  Due  to  their  ability  to  separate 

multiple  wideband  emitters  whose  signals  overlap  in 
the  time  domain.  The  compressive  receiver  when  used 
in  an  interferometer  provides  the  only  direction 
finding  method  which: 

♦  Retains  amplitude  and  phase  information 

♦  Provides  100  percent  Probability  of  Intercept 

•  Queueing  Receiver  in  Wideband  Dense  Signal 

Environment 

•  Channelized  receivers 

•  Superhetrodyne  analysis  receivers 

•  Provides  minimal  hardware  for  a  Dense  Environment 
Receiver 
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•  Interception  of  Frequency  Hopping  Signals 

•  Interception  of  Instantaneous  Wideband  Signals 

Although  these  theoretical  advantages  of  Compressive 
Receivers  have  been  recognized  for  many  years,  their 
practical  implementation  has  been  limited  to  ej<perimental 
units  in  the  FLINT  frequency  band  (2  -  18  GHz)  ;  and 

operational  units  in  the  COMINT  frequency  band  (2  -  500 

MHz)  due  to  limitations  in  the  areas  of: 

•  The  analog  implementation:  The  state-of-the-art 
technology  in  wideband  dispersive  delay  lines  limits 
the  overall  bandwidth.  When  analog  technology  is 
implemented,  the  bandwidth  is  limited  to  about  1  GHz 
in  practical  units.  Some  experimental  work  has  been 
attempted  to  extend  their  bandwidth,  however  these 
units  require  a  cryogenic  cooler  and  suffer  from 
poor  resolution. 

•  The  digital  processing  of  the  serial  output  data: 

The  state-of-the  art  technology  in  digital 

processing  speed  limits  the  performance  of 

Compressive  Receivers.  The  clock  speed  of  the 
digital  output  circuitry  is  directly  related  to  the 
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bandwidth  of  the  receiver.  A  1  GHz  bandwidth 


receiver  requires  digital  circuitry  that  operates  at 
1  GHz,  while  a  receiver  which  operates  at  8  GHz 
would  require  8  GHz  digital  circuitry.  The  current 
state-of-the  art  in  this  area  is  in  the  1  -2  GHz 
region. 

Schleher  has  investigated  the  feasibility  of  a  new  type 
of  wideband  digital  compressive  receiver  [Ref.  1]  .  This 
receiver  would  cover  a  bandwidth  of  8  GHz,  with  100  percent 
probability  of  intercept,  operating  using  digital  circuitry 
with  clock  speeds  of  1  GHz.  This  compressive  receiver  has 
the  following  objectives: 

•  Increase  bandwidths  achievable  with  compressive 
receivers  to  the  order  of  8  GHz 

•  Replace  limiting  analog  circuitry  with  digital 
circuitry 

•  Provide  100%  Probability  of  Intercept  in  a  single 
channel 

•  Allow  digital  readout  circuitry  to  run  at  a  maximum 
1  GHz  rate 

•  Be  a  precursor  to  developing  a  compressive  receiver 
which  would  cover  the  full  ELINT  band  of  2-18  GHz 
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The  feasibility  of  a  wideband  digital  compressive 
receiver  with  8  GHz  bandwidth  was  demonstrated  through 
simulation  in  1997  [Ref.  1]  .  The  receiver  possesses  a  zoom 
feature  that  allows  the  output  analysis  window  to  run  at  a  1 
GHz  rate.  This  effectively  circumvents  the  problem  of 
running  the  analysis  window  at  an  8  GHz  rate,  which  is 
beyond  the  present  capability  of  digital  circuitry. 

B.  COMPRESSIVE  RECEIVER  THEORY  OF  OPERATION 

The  principle  of  the  basic  compressive  receiver  is 
shown  in  Figure  3.1.  The  incoming  signal,  f(t),  is  mixed 
(multiplied)  with  a  down-chirp  waveform  so  that  each 
Fourier  component  is  converted  into  a  chirp  of  the  same 
frequency- time  slope,  but  with  a  starting  frequency  fixed 
by  that  of  the  original  component.  The  mixed  output  is  then 
processed  in  a  chirp  filter  (dispersive  delay  line)  of 
matched  slope,  which  correlates,  or  pulse  compresses,  the 
constituent  chirps.  The  linear  correspondence  between 
frequency  and  time  in  the  dispersive  delay  line  results  in 
the  original  Fourier  components  being  translated  into  time 
displacements  between  the  resulting  pulse-compressed 
outputs  [Ref.  10]. 
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C.  STEPPED-FREQUENCY  COMPRESSIVE  RECEIVERS 

With  reference  -  to  Figure  3.1,  the  first  step  in  the 
Compressive  Receiver  Process  is  to  induce  a  chirp  waveform 
onto  the  input  signal.  This  can  be  accomplished  by  mixing  a 
fast  scanning  chirp  waveform  with  the  input  signal. 


Chirp  Filter 


Figure  3.1  -  Basic  Configuration  of  Coiqpressive  Receiver 

(After  Ref.  1) . 

The  next  step  is  to  convert  the  chirp  signal  into 
digital  form.  This  step  is  a  critical  one  in  applying  the 
stepped- frequency  methodology.  To  better  understand  the 
significance  of  the  digital  conversion,  consider  the 
following  scenario.  Assume  that  a  signal  whose  center 
frequency  extends  over  an  8  GHz  bandwidth  was  applied  to 
the  compressive  receiver.  Then  the  chirp  induced  onto  the 
signal  must  have  at  least  8  GHz  bandwidth  in  order  to 
provide  compressive  receiver  signal  action.  The  net  result 
is  that  the  multiplier  has  a  frequency  range  that  covers  a 
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band  16  GHz  wide.  To  sample  this  without  loss  of 

information  requires  a  Nyquist  sample  rate  in  the  A/D 

converter  of  32  GHz,  which  is  obviously  an  impracticably 

large  niomber. 

The  stepped- frequency  approach  segments  the  chirp 
waveform  into  steps  where  each  step  covers  a  portion  of  the 
waveform.  If  eight  steps  are  used,  then  each  step 

represents  a  1  GHz  portion  of  the  chirp.  Since  the  total 
bandwidth  is  still  8  GHz,  no  information  is  lost.  Then  each 
chirp  segment  is  translated  to  baseband  where  it  is 
processed  separately.  The  Nyquist  rate  to  process  each 
chirp  segment  is  then  2  GHz,  rather  than  16  GHz. 

D.  SUB-NYQUIST  SAMPLING  IN  STEPPED- FREQUENCY  COMPRESSIVE 

RECEIVER 

UnfortTonately,  there  is  still  a  problem  with  the 
stepped- frequency  approach.  The  analog  waveform  at  the 
output  of  the  stepped- frequency  mixer  contains  both  the  8 
GHz  bandwidth  signal  and  the  1  GHz  stepped- frequency  chirp 
carrier,  resulting  in  a  total  9  GHz  band.  This  would 
require  an  18  GHz  A/D  converter  for  Nyquist  rate  sampling, 
which  is  still  an  iinpractical  number. 
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The  solution  to  this  problem  is  to  employ  sub-Nyquist 
rate  sampling  that  makes  it  possible  to  substantially 
reduce  the  bandwidth  of  the  digital  processing  components. 

However,  sub-Nyquist  rate  sampling  has  the  undesirable 
effect  of  folding  the  frequency  components  of  the  signal 

into  the  fiindamental  range  between  1/^/2  and,  consequently, 

causing  ambiguities.  For  example,  if  a  1  GHz  sampling  rate 
were  used  to  sample  the  signal  containing  the  multiplied 
chirp,  then  all  signals  contained  in  the  8  GHz  signal 
bandwidth  would  be  folded  into  a  1  GHz  wide  band.  In  other 
words,  their  frequency  is  now  the  measured  frequency  modulo 
1  GHz. 

The  effect  is  similar  to  a  zoom  lens  in  a  camera  as  it 
zooms  the  sampled  signals  into  a  0-1  GHz  range  (Figure 
3.2).  A  zoom  factor  of  eight  was  selected  for  the  current 
compressive  receiver  design  since  this  resulted  in  an  A/D 
converter  and  digital  circuitry  design  of  1  GHz,  which  is 
currently  available.  The  zoom  factor  results  in  eight 
possible  frequency  ambicfuities  for  each  signal  located 
within  the  8  GHz  band. 

Multiple  signals  that  overlap  in  the  time  domain  would 
still  be  resolved;  however,  the  actual  center  frequency  of 
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the  signal  would  have  to  be  determined  by  other  means . 
There  are  several  ways  that  the  correct  frequency  can  be 
determined,  but  these  need  to  be  explored. 

The  most  promising  approach  appears  to  be  the 
implementation  of  a  parallel  receiver  channel  using  a 
different  zoom  factor  resulting  in  a  different  ambiguity 
pattern.  The  correct  frequency  is  then  indicated  where  the 
patterns  coincide  for  both  channels  [Ref  1]  . 


Folding  Effect 
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Figure  3.2  -  Folding  Effect  of  Sxib-Nyquist  Sas^ling  In 
Wideband  Conpressive  Receiver  (After  Ref.  1). 
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IV 


SOFTWARE  DESIGN  AND  RESULTS 


A.  INTRODUCTION 

As  described  in  Chapter  III,  sub-Nyquist  rate  sampling 
has  the  undesirable  effect  of  folding  the  frequency 
components  of  the  sicrnal  into  the  fundamental  range  between 

±/^/2  and,  consequently,  causing  ambiguities.  It  is  also 

shown  in  Chapter  III  that  if  a  1  GHz  sampling  rate  were  used 
to  sample  the  signals  in  the  0-8  GHz  range,  then  all  signals 
contained  in  the  8  GHz  signal  bandwidth  would  be  folded  into 
a  1  GHz  wide  band  (Table  4.1) . 


■ 

Input  Signal 

Frequency 

Sanpling 

Frequency 

Output  Signal 
Frequency 

1 

0.2  GHz 

1  GHz 

+200  MHz 

2 

1.4  GHz 

1  GHz 

+400  MHz 

3 

2.7  GHz 

1  GHz 

-300  MHz 

4 

4.5  GHz 

1  GHz 

+500  MHz 

j 

5 

5.5  GHz 

1  GHz 

+500  MHz 

6 

6.9  GHz 

1  GHz 

-100  MHz 

7 

7.6  GHz 

1  GHz 

-400  MHz 

Table  4.1  -  Folding  Effect  of  Sub-Nyguist  Sampling  on 

Sampled  Signals. 

The  effect  of  sub-Nyquist  rate  sampling  can  be  better 
understood  by  contemplating  a  spinning  wheel  whose  perimeter 
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is  equal  to  the  sampling  frequency.  Figure  4.1  illustrates 
this  spinning  wheel  for  input  signals  two  and  three  in  Table 
4.1.  (A  minus  sign  indicates  rotation  in  a  counter-clockwise 
direction. ) 

1.4  MHZ  2.7  MHZ 


Figure  4.1  -  The  Effect  of  Sub-Myguist  Rate  San^ling  Using 

a  Spinning  VAieel. 

The  results  from  the  spinning  wheel  will  be  400  MHz  and 
-300  MHz  for  input  signals  1.4  GHz  and  2.7  GHz, 
respectively,  since  it  is  irtpossible  to  keep  track  of  how 
many  times  the  wheel  spins  in  sub-Nyquist  sanpling. 

Once  again,  .  the  minus  sign  indicates  rotation  in  a 
counter-clockwise  direction,  so  we  can  say  that  -300  MHz  is 
equal  to  700  MHz  in  a  clockwise  direction.  Now,  in  light  of 
this  information,  we  can  reconstitute  Table  4.1  to  see  that 
the  input  signals  will  be  measured  modulo  sampling  frequency 
in  sub-Nyquist  rate  saitpling  (Table  4.2).  This 
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reconstitution  is  important  in  order  to  form  an  analogy  with 
the  Chinese  Remainder  Theorem  (this  is  presented  later)  . 


■ 

Input  Signal 

Frequency 

Sajiq>ling 

Frequency 

Output  Signal 
Frequency 

1 

0.2  GHz 

1  GHz 

+200  MHz 

2 

1.4  GHz 

1  GHz 

+400  MHz 

3 

2.7  GHz 

1  GHz 

+700  MHz 

4 

4.5  GHz 

1  GHz 

+500  MHz 

5 

5.5  GHz 

1  GHz 

+500  MHz 

6 

6.9  GHz 

1  GHz 

+900  MHz 

7 

7.6  GHz 

1  GHz 

+600  MHz 

Table  4.2  -  Output  Signals  are  Measured  Input  Signals 
Modulo  Saspling  Frequencies. 

Notice  that  although  the  input  signal  frequencies  are 

different  in  rows  four  and  five,  the  output  signal 

frequencies  are  the  same,  meaning  that  signals  3  and  4  are 

aliases.  Moreover,  they  are  not  the  only  aliases.  In  fact, 

if  we  sample  at  1  GHz  rate,  there  are  eight  aliases  in  our 

frequency  range  of  interest,  0-8  GHz,  (Table  4.3).  As 

observed  in  Table  4.3,  these  aliases  occur  at  frequencies 

where: 

fo  =  output  signal  frequency 
fs  =  sampling  frequency 
m  =  0,  1,  2,  ...  ,  7 
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Hence,  there  are  eight  airibiguities  for  every  output  signal 
frequency  since  each  may  belong  to  any  of  eight  input 
signal  frequencies . 


Table  4.3  -  Set  of  Aliases  at  0-8  GHz  Reuige  for  1  GHz 

Sampling  Rate. 

If  we  sample  at  a  1.2  GHz  rate,  there  are  seven 
aliases  resulting  in  seven  ambiguities  (Table  4.4). 

It  appears  that  the  Chinese  Remainder  Theorem  can  be 
used  to  resolve  these  ambiguities.  We  can  think  of  the 
output  signal  frequencies  as  remainders  modulo  the  sampling 
frequency,  (a  more  desirable  approach  for  the  purpose  of 
implementing  the  Chinese  Remainder  Theorem)  ,  and  write; 

f  =  rem  (mod  fs)  (4.1) 


where : 


/  =  input  signal  frequency 

rem  =  remainder  which  corresponds  to  output  signal 
frequency 

fs  =  sampling  frequency 


Input  Signal 

Frequency 

Sampling 

Frequency 

Output  ,  Signal 
Frequency 

1 

0.8  GHz 

1.2  GHz 

800  MHz 

2 

2.0  GHz 

1.2  GHz 

800  MHz 

3 

3.2  GHz 

1.2  GHz 

800  MHz 

4 

4.4  GHz 

1.2  GHz 

800  MHz 

5 

5.6  GHz 

i.2  GHz 

800  MHz 

6 

6.8  GHz 

1.2  GHz 

800  MHz 

7 

8.0  GHz 

i.2  GHz 

800  MHz 

Table  4.4  -  Set  of  Aliases  at  0-8  GHz  Range  for  1.2  GHz 

Semqpling  Rate. 

In  the  next  step,  let  us  consider  that  we  sample  a 
signal  with  n  different  sampling  frequencies  resulting  in  n 
remainders.  Then  we  will  have  a  system  of  congruencies, 

i  .  e . , 

f  =  reml  (mod  fi) 

f  =  rem2  (mod  /i) 

/  =  remn  (mod  /„)  (4.2) 


29 


According  to  the  Chinese  Remainder  Theorem,  this  system 
of  congruencies  can  be  solved  as  long  as  the  sampling 
frequencies  (i.e.,  the  moduli)  are  relatively  prime. 

One  well  known  example  analogous  to  our  approach  is  the 
range  ambiguity  problem  of  pulse-Doppler  radar  [Ref.  11], 
that  can  be  solved  by  using  multiple  pulse  repetition 
frequencies .  Another  study  by  Chia  shows  how  the  frequency 
of  a  signal  that  is  undersainpled  at  two  different  sampling 
frequencies  can  be  determined  [Ref.  5]  for  1  Hz  resolution. 

In  reality,  however,  we  have  to  work  with  much  higher 
resolutions.  In  the  next  section,  we  will  try  to  determine 
the  frequency  of  undersampled  signals  for  higher 
resolutions . 

B .  IHPLEMENTATON 

An  algorithm  was  developed  to  solve  the  frequency 
ambiguities  that  occur  in  our  wideband  digital  compressive 
receiver  design  when  we  use  sub-Nyquist  sampling  for  high 
resolutions,  such  as  5,  10,  or  25  MHz.  Note  that  resolution 
is  defined  as  the  smallest  frequency  difference  for  which 
two  simultaneously  occuring  signals  can  be  resolved  in  the 
output  window  of  the  compressive  receiver. 

Then,  this  algorithm  was  coded  in  Matlab®  and  some 
parameters  were  tested  to  see  the  effect  of: 

•  Niomber  of  signals  (/):  1  to  5 


•  Resolutions  (res) :  5,  10,  and  25  MHz 

•  Number  of  sampling  frequencies:  2  and  3 

•  Different  sampling  frequencies  (fj 

The  algorithm  and  testing  of  the  parameters  were 
developed  concurrently  using  a  step-by-step  procedure, 
beginning  with  simple  and  progressing  to  complex  situations. 
Problems  encountered  were  resolved  by  examining  the  results 
of  the  tests. 

In  this  section,  the  basics  of  this  algorithm  are 
presented  along  with  the  problems  encountered  and  their 
prescribed  solutions. 

1 .  Bin  Approach 

The  first  difficulty  we  encounter  in  the  implementation 
of  the  Chinese  Remainder  Theorem  is  that  we  have  to  work 
with  ntimbers  that  are  too  large  to  efficiently  or 
successfully  implement  the  Theorem,  i.e.,  6.5e9  modulo  le9. 

In  order  to  overcome  this  dilemma,  we  will  convert  sampling 
frequencies  and  remainders  to  bins  such  that: 

,  ,  frequency 

bin  = - - - —  (4.3) 

resolution 

For  example,  suppose  we  sampled  a  signal  at  a  1  GHz 
rate  and  get  400  MHz  as  a  remainder.  Then,  for  a  25  MHz 
resolution  we  will  have: 

mod_bin=le9/25e6=40  bins 

rem_bin=400  MHz/25  MHz=16  bins 
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We  can  repeat  the  same  procedure  for  another  sampling 
frequency  and  remainder  pair  to  reconstitute  our  system  of 
congruencies  with  more  practical  numbers.  Then,  we  can 
easily  solve  the  Equation  4.2  for  f.  Note  that  we  should 
multiply  the  resulting  n\amber  by  the  identified  resolution 
since  it  will  also  be  expressed  as  bin  nximbers  such  that: 


f( in  Hz)=(frq_bin_)  •  (res)  (4.4) 

2.  Basic  Algorithm  For  One-Signal  Case 

We  will  begin  an  implementation  of  the  Chinese 
Remainder  Theorem  with  the  basic  algorithm  for  the  one- 
signal  case  shown  in  Figure  4.2. 


Figure  4.2  -  Basic  Algorithm  for  Implementation  of  Chinese 

Remainder  Theorem. 


The  software  written  according  to  this  algorithm  can  be 
divided  into  the  following  sections : 

•  Initialization:  This  section  obtains  all  the 

parameters  required  (niomber  of  iterations,  input 
signal  frequencies,  sampling  frequencies, 

resolution) . 

•  Simulation:  This  section  simulates  the  effect  of 
sub-Nyquist  sampling  in  the  Compressive  Receiver.  It 
calculates  the  remainders  according  to  the  input 
signal  frequency  and  sampling  frequencies. 

•  Iteration  loop:  This  section  consists  of  a  loop  that 
calculates  the  b.  values  in  Equation  2.8,  which  are 
necessary  to  solve  for  input  frequency. 

•  Calculation  of  /:  In  this  section.  Equation  2.9  is 
implemented  to  solve  for  the  input  frequency. 

3.  Modified  Algorithm  For  Multi-Signal  Case 

The  algorithm  and  the  software  presented  are  adequate 
for  a  one-signal  case.  However,  there  is  an  additional 
ambiguity  involved  in  the  calculation  of  f  for  a  multi¬ 
signal  case.  That  is,  if  there  is  more  than  one  input  signal 
we  have  to  solve  for  their  frequencies. 

Let  us  say  that  the  resulting  remainder  for  a  sampled 
signal  is  remx_y,  x  denoting  the  sampling  signal  and  y 
denoting  the  input  signal.  Then,  if  two  signals  are  sampled 
with  two  sampling  frequencies  sequentially,  there  will  be 
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two  pairs  of  remainders,  i.e.,  reml_I  and  reml_2  for  the 
first  sampling  frequency,  and  rem2_l  and  rem2_2  for  the 
second.  However,  there  is  no  way  of  knowing  how  the 
remainders  in  each  pair  will  match  up  with  each  other. 

According  to  the  General  Product  Rule  there  are  only 
four  ways  these  remainders  can  match  up: 

•  reml_l  rem2_l 

•  reml_l  rem2_2 

•  reml_2  rem2_l 

•  reml_2  rem2_2 

In  this  case,  it  is  easy  to  find  the  niomber  of  possible 
matches,  but  it  will  become  more  difficult  as  the  number  of 
signals  and  sampling  frequencies  increase.  For  example, 
there  are  nine  ways  of  matching  for  the  three  signal-case, 
sixteen  for  the  four  signal  case,  and  twenty-five  for  the 

five  signal  case.  These  niimbers  would  be  27,  64  and  125, 

respectively,  if  three  sampling  frequencies  were  used 
instead  of  two. 

Note  that  we  are  intuitively  referring  to  the 

remainders  as  reml_l,  reml_2,  etc.  Otherwise,  it  is 

ambiguous  as  to  which  of  the  two  signals  is  sampled 
first,  i.e.  reml_(l  or  2)  or  rem2_(l  or  2). 

Hence,  we  have  to  calculate  the  output  frequency  for 
all  of  the  matches  and  then  determine  the  correct 
frequencies  from  them.  The  various  ways  to  determine  the 
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correct  frequencies  will  be  studied  after  the  software  has 
been  run  and  the  results  have  been  examined. 

As  a  result  of  the  additional  ambiguity  caused  by  multi 
signals,  the  basic  algorithm  presented  in  Figure  4.2  should 
be  modified  for  multi-signal  cases  as  seen  in  Figure  4.3. 


Figure  4.3  -  Modified  Algorithm  for  Multi-Signal  Cases. 

Consequently,  the  calculation  section  of  the  software 
is  modified  as  follows  and  an  identification  section  is 
added ; 
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•  Calculation  of  possible  f's:  In  this  section. 
Equation  2.9  is  implemented  for  all  possible  matches. 

•  Identification:  The  correct  outputs  are  estimated 
from  all  possible  outputs . 

The  identification  phase  of  the  code  is  of  considerable 
importance  since  selecting  correct  outputs  is  one  of  the 
main  challenges  targeted  in  this  thesis.  While 

identification  is  made  after  carefully  examining  the  results 
of  the  software  simulations,  the  main  principles  of  how  the 
identification  process  works  are  presented  here  to 
facilitate  the  reader's  understanding  of  the  overall 
procedure . 

4.  Identification  of  the  Correct  Outputs 

We  have  stated  that  we  have  to  calculate  the  outputs 
for  all  matches,  and  then  determine  the  correct  outputs. 
Incorrect  matches  fall  into  in  three  categories.  (How  and 
why  this  occurs  is  described  in  greater  detail  in 
Chapter  V.)  These  categories  are  defined  as: 

•  Outputs  out  of  0-8  GHz  range 

•  Outputs  the  same  as  the  input  frequency 

•  Outputs  in  the  0-8  GHz  range  but  different  than  the 
input  frequency 

The  first  type  of  incorrect  outputs  does  not  constitute 
a  problem  since  we  know  that  we  are  dealing  with  signals  in 
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the  0-8  GHz  range.  This  means  that  in  the  identification 
phase,  the  outputs  that  do  not  fall  into  0-8  GHz  range  can 
be  disregarded. 

The  second  type  of  incorrect  output  may  appear  several 
times  before  the  correct  outputs  occur,  thereby  presenting 
us  with  the  possibility  of  choosing  the  same  output  more 
than  once.  To  remedy  this  problem,  the  identification  phase 
of  the  code  is  written  so  that  it  selects  the  first  output 
that  appears  in  the  0-8  GHz  range,  and  then  accepts  the 
others  as  the  same  signal  tinless  their  difference  is  greater 
than  the  resolution. 

This  is  also  helpful  in  dealing  with  some  outputs  of 
the  third  type,  (i.e.,  the  ones  whose  difference  from  the 
input  signal  is  smaller  than  the  resolution) .  They'  will  also 
be  disregarded  since  they  will  be  accepted  as  being  the  same 
as  the  first  chosen  output.  Of  course,  in  this  situation, 
the  first  chosen  output  may  be  the  result  of  an  incorrect 
match;  however,  the  difference  between  the  output  of  an 
incorrect  match  and  output  of  a  correct  match  will  be 
smaller  than  the  resolution. 

Other  outputs  of  the  second  type,  (i.e.,  the  ones 
whose  difference  with  the  input  signals  is  greater  than  the 
resolution)  present  the  greatest  challenge.  Since  they 
appear  in  the  0-8  GHz  range  and  their  difference  with  the 
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input  signal  is  high  enough,  they  will  be  mistakenly 
interpreted  as  a  correct  output.  One  way  to  alleviate  this 
problem  is , to  detect  the  parameters  where  the  second  type 
outputs  appear  the  least.  This  is  the  main  method 
highlighted  in  this  thesis,  and  is  presented  in  the  next 
section. 

Another  way  to  approach  the  problem  is  to  use  a 
procedure  that  distinguishes  the  incorrect  outputs  from  the 
correct  ones;  and  siibsequently  eliminates  those  incorrect 
outputs.  Fortunately,  the  Sampling  Theorem  is  helpful  in 
this  procedure,  as  is  discussed  in  the  following  sub¬ 
section. 

5.  Using  the  Sampling  Theorem  for  Identification 

As  described  in  Chapter  II,  the  Fourier  transform  of  a 
sampled  signal  is  a  periodic  replication  of  the  xinsampled 
signal  spectrum  where  each  spectral  order  is  separated  by 
the  frequency  /s. 

If  we  sample  signal  x  with  two  different  sampling 
frequencies,  it  results  in  reml_x  and  renL2_x.  With  the 
information  we  have  about  the  remainders,  we  can  surmise, 
(according  to  the  Sampling  Theorem)  that  for  the  sampling 
frequency  1,  the  correct  output  will  show  up  in  the 
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following  set:  (note  that  for  multi-signal  cases,  x  will 
have  different  values,  i.e.,  1,  2,  3,... ,8): 

(0*fsl) +reml_x 
{l*fsl) +reml_x 
(2*f si) +reml_x 
{3*f si) +reml_x 
(4*f si) +reml_x 
(5*f si) +reml_x 
(6*fsl) +reml_x 
(7*f si) +reml_x 
(8*fsl) +reml_x 

There  will  be  a  similar  set  of  possible  frequencies 
for  the  second  sampling  frequency: 

(0*fs2)  +rera2_x 
( 1 *  f  s2 ) +rem2_x 
(2*f s2 ) +rem2_x 
(3*fs2) +rem2_x 
(4*f s2 ) +rem2_x 
(5*f s2 ) +rem2_x 
( 6 * f s2 ) +rem2_x 
(7*f  s2 )  +rera2_x 
(8*fs2) +rem2_x 

We  know  that  the  correct  outputs  have  to  appear  in  all 
sets.  Now,  we  can  modify  the  identification  phase  of  the 
code  to  check  whether  the  outputs  are  in  these  sets,  and  to 
disregard  them  if  not.  That  is,  if  any  of  the  outputs  do 
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not  appear  in  all  of  the  sets  described  above,  then  they 
will  be  eliminated,  even  though  they  are  otherwise  correct. 

C.  EXPERIMENTS  WITH  TWO  SAMPLING  FREQUENCIES 

Five  Matlab  programs  (Appendix  A)  were  written  to 
implement  the  algorithms  presented  earlier  for  one  and 
multi-signal  cases.  Ten  sets  of  fifty  simulations  were  made 
for  each  different  parameter,  i.e.,  number  of  signals, 
different  sampling  frequency  pairs,  and  different 
resolutions.  A  Matlab®  program  (finput.m.  Appendix  A)  was 
used  to  generate  random  inputs  in  the  0-8  GHz  range.  This 
program  utilizes  the  Matlab  function  rand  which  generates 
uniformly  distributed  random  numbers  in  the  (0,1)  interval. 

The  resolutions  25,  10,  and  5  MHz  were  chosen  for 
simulations  because  they  are  the  resolutions  that  are 
achievable  with  our  current  design. 

The  sampling  frequency  pairs  are  selected  to  give 
primarily  relative  mode  bins  for  each  resolution,  (i.e., 
40-47  and  40-59  for  25  MHz)  .  Additionally,  the  difference 
between  the  second  pair  is  greater  than  that  of  the  first 
pair,  so  that  we  can  observe  whether  this  difference 
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affects  the  outcomes.  Note  that  the  sampling  frequencies 
are  also  achievable  with  current  digital  technology. 

The  parameters  used  and  the  mean  and  standard 
deviation  of  the  niimber  of  erroneous  results  for  each  set 
of  experiments  were  presented  in  Table  4 . 5  through  Table 
4.7.  The  number  of  erroneous  results  was  presented  in 
Appendix  B. 

1.  25  MHz  Resolution 

Mode  bin  pairs  for  the  chosen  sampling  frequencies  are 
successively  40-47  and  40-59. 


Sampling 
Frequency  1, 

£sl 

Sampling 
Frequency  2 , 

£s2 

Number  o£ 

Signals 

Mean 

St  .Dev. 

le9 

1.175e9 

1 

0 

0.00 

2 

10.6 

4.14 

3 

26 

4.35 

4 

37.7 

6.73 

5 

43.7 

5.01 

le9 

1.475e9 

1 

0 

0.00 

2 

8.9 

3.98 

3 

24.4 

4.25 

4 

i  27.7 

5.19 

5 

40.8 

5.05 

Table  4.5  -  Heem  and  Stemdard  Deviation  o£  Number  o£ 
Erroneous  Results  with  25  MHz  Resolution. 


2.  10  MHz  Resolution 

Mode  bin  pairs  for  the  chosen  sampling  frequencies  are 
successively  100-103  and  103-147. 


41 


3 


5  MHz  Resolution 


Mode  bin  pairs  for  the  chosen  sampling  frequencies  are 
successively  200-213  and  213-341. 


Sampling 
Frequency  1, 

£sl 

Sampling 
Frequency  2, 

£s2 

Number  o£ 
Signals 

Mean 

ERR||9|||| 

le9 

1.03e9 

1 

0 

2  ■ 

5.5 

2.64 

3 

13 

2.67 

4 

24 

3.40 

5 

30.2 

2.78 

1.03e9 

1.47e9 

1 

0 

QQQiimiiii 

2 

3 

1.15 

3 

9.2 

1.75 

4 

16.7 

1.83 

5 

25.1 

5.00 

Table  4.6  -  Mean  and  Standard  Deviation  of  Number  of 
Erroneous  Results  with  10  MHz  Resolution. 


Sampling 
Frequency  1, 

£sl 

Sampling 
Frequency  2, 

£s2 

Nuxober  o£ 
Signals 

Mean 

St  .Dev. 

le9 

1.065e9 

1 

0 

0.00 

2 

1.9 

1.52 

3 

6.8 

2.39 

4 

12.3 

2.58 

5 

14.9 

5.47 

1.065e9 

1.705e9 

1 

0 

0.00 

2 

1 

0.94 

3 

3.9 

1.37 

4 

8.4 

2,01 

5 

13.5 

1.78 

Table  4.7  -  Mean  emd  Standard  Deviation  of  Number  of 
Erroneous  Results  with  5  MHz  Resolution. 


D.  EXPERIMENTS  WITH  THREE  SAMPLING  FREQUENCIES 

The  Matlab®  programs  presented  in  the  previous  section 
were  modified  in  order  to  use  three  sampling  frequencies 
instead  of  two  (Appendix  A)  .  Ten  sets  of  50  experiments. 
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again,  were  done  with  the  same  parameters  used  with  two- 


sampling  frequency  experiments  to  examine  whether  there  is 
an  improvement  or  not  (Table  4.8  through  Table  4.9). 

The  same  considerations  for  resolution  and  sampling 
frequencies  are  taken  into  account. 

1.  25  MHz  Resolution 

Mode  bin  triples  for  the  chosen  sampling  frequencies 


successively  are  40-47-53  and  40-53-67. 


Sampling 

Frequency 

1,  £sl 

Sampling 
Frequency 
2,  £82 

Sampling 
Frequency 
3,  £s3 

Number  o£ 
Signals 

Mean 

St  .Dev* 

le9 

1.175e9 

1.325e9 

1 

0 

0.00 

2 

0 

0.00 

3 

1.2 

4 

3.1 

2.28 

5 

4.1 

1.29 

le9 

1.265e9 

1.435e9 

1 

0.00 

2 

0 

0.00 

3 

0.4 

0.52 

4 

2,4 

0.97 

5 

1.78 

Table  4.8  -  Mean  and  Standard  Deviation  of  Number  of 
Erroneous  Results  with  25  MHz  Resolution. 


2.  10  MHz  Resolution 

Mode  bin  pairs  for  the  chosen  sampling  frequencies  are 
successively  100-103-107  and  100-127-161. 

3.  5  MHz  Resolution 

Mode  bin  pairs  for  the  chosen  sampling  frequencies  are 
successively  200-213-227  and  200-253-287. 
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Sampling 

Frequency 

1,  fsl 

Sampling 
Frequency 
2,  fs2 

Sampling 

Frequency 

3,  £s3 

Number  of 

Signals 

JAean 

St .Dev. 

le9 

1.03e9 

1.07e9 

1 

0 

0.00 

2 

0 

0.00 

3 

0.42 

4 

0 

0.00 

5 

0.5 

0.71 

le9 

1.27e9 

1.61e9 

1 

0 

0.00 

2 

0 

0.00 

3 

0 

ekehm 

4 

0.1 

0.32 

5 

0.4 

0.70 

Table  4.9  -  Mean  and  Standard  Deviation  of  Nunber  of 
Erroneous  Results  with  10  MHz  Resolution. 


Sampling 
Frequency 
1,  fsl 

Sampling 

Frequency 

3,  fs3 

Number  of 

Signals 

Mean 

StmDev. 

le9 

1.065e9 

1.0135e9 

1 

0 

0,00 

2 

0 

0.00 

3 

0 

0.00 

4 

0 

0.00 

5 

0.1 

0.32 

le9 

1.265e9 

1.435e9 

1 

0 

0.00 

2 

0 

0.00 

3 

0 

0.00 

4 

0.1 

0.32 

5 

0.2 

0.42 

Table  4.10  -  Mean  and  Standeird  Deviation  of  NUndser  of 
Erroneous  Results  with  5  MHz  Resolution. 


V.  ANALYSIS  OF  THE  RESULTS 


After  the  simulations,  the  results  of  the  experiments 
are  examined  and  the  following  observations  made.  The 
examples  given  to  illustrate  the  observations  are  for  a  25 
MHz  resolution  and  a  two  sampling  frequency  situation. 

First,,  the  same  output  for  slightly  different  input 
frequencies  is  produced.  This  is  due  to  rounding  effects. 
Since  the  Chinese  Remainder  Theorem  works  only  with 
integers,  the  bin  nimbers  calculated  for  remainder 
frequencies  are  rounded  to  the  nearest  integer.  As  can  be 
seen  on  Table  5.1,  although  the  bin  numbers  for  different 
input  frequencies  are  slightly  different  before  rounding, 
they  are  the  same  after  rounding.  This  characteristic  leads 
to  the  calculation  of  exactly  the  same  output  for  different 
input  frequencies. 

Second,  it  is  found  that  some  outputs  are  slightly 
different  than  the  inputs  (slightly  meaning  the  difference 
is  smaller  than  the  resolution)  .  This  is  because  of  the 
restriction  to  the  integer  field  when  working  with  the 
Chinese  Remainder  Theorem.  Due  to  this  restriction,  the 
remainder  to  frequency  mapping  is  not  a  continuous 
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transformation.  As  a  result,  the  solution  for  frequency  is 
highly  sensitive  to  the  rounding  of  remainders  [Ref. 11], 


Input  frequency 

2.34e9 

2.345e9 

First  remainder 

3.4e8 

3.45e8 

3.455e8 

reml_bin(no  rounding) 

13.6 

00 

• 

fO 

H 

13.82 

rezal_bin(with  rounding) 

14 

14 

14 

Second  remainder 

1.165e9 

1.17e9 

1.1705e9 

rem2_bin(no  rounding) 

46.6 

46.8 

46.82 

rein2_bin(with  rounding) 

47 

47 

47 

f_bin 

94 

94 

94 

Output  frequency 

2.35e9 

2.35e9 

2.35e9 

Table  5.1  -  Rounding  Effect  on  Slightly  Different  Input 

Frequencies. 


causing  the  output  to  be  different  than  the  input  when  the 
remainder  bin  is  rounded  to  the  nearest  integer.  This 
effect  can  be  seen  in  Table  5.2. 


Input  frequency 

2.32e9 

2.34e9 

First  remainder 

3.2e8 

3.4e8 

reml_bin(no  rounding) 

12.8 

13.6 

reml_bin(witb  rounding) 

13 

14 

Second  remainder 

1.145e9 

1.165e9 

rexn2_bin(no  rounding) 

00 

• 

in 

46.6 

rem2_bin(witb  rounding) 

46 

47 

f_bin 

93 

94 

Output  frequency 

2.325e9 

2.35e9 

Table  5.2  -  Integer  Field  Restriction  in  Chinese  Remainder 

Theorem. 
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The  maximum  differences  between  the  inputs  and  outputs 
observed  for  different  resolutions  can  be  seen  in  Table 
5.3.  As  can  be  observed,  the  difference  never  exceeds  the 
resolution,  and  thus  is  deemed  acceptable. 


Resolution  (MHz) 

25 

10 

5 

Maxim\im  difference  between  input  and 
output  (MHz) 

12.5 

5 

2 

Table  5.3  -  The  Haximum  Differences  Observed  Between  Input 

and  Output. 


The  third  observation  made  is  that  the  intended 
resolutions  are  achieved.  Despite  the  integer  field  and 
rounding  effects  mentioned  above,  different  outputs  are 
produced  for  inputs  with  the  difference  equal  to  the 
resolution  (Table  5.4).  This  compensates  for  the  undesired 
effects  of  the  first  observation,  (i.e.,  producing  the  same 
output  for  slightly  different  inputs) ,  such  that  if  the 
difference  between  inputs  is  greater  than  the  resolution, 
the  outputs  are  different. 


Input  frequency 

2.200e9 

2.225e9 

2.250e9 

First  remainder 

2e8 

2.25e8 

2.5e8 

Second  remainder 

1.025e9 

l,05e9 

1.075e9 

f__bin 

88 

89 

90 

Output  frequency 

2.200e9 

2.225e9 

2.250e9 

Table  5.4  ~  Different  Outputs  are  Produced  for  Inputs  with 
a  Difference  Equal  to  Resolution. 
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The  fourth  observation  is  related  to  the  incorrect 
matches  mentioned  in  the  multi-signal  case.  They  produce 
outputs  in  three  categories : 

•  Outputs  out  of  the  0-8  GHz  range. 

•  Outputs  that  are  the  same  as  the  input  frequency:  If 
you  sample  inputs  le9,  4e9,  and  8e9  with  saitpling 
frequency  le9,  all  the  resulting  remainder  bin 
niimbers  will  be  equal  (binl_l=binl_2=binl_3=0  in 
this  case)  .  Hence,  for  the  input  signal  1,  not  only 
the  correct  match  hinl_l-bin2_l-bin3_l ,  but  also  the 
incorrect  matches  binl_2-bin2_l-bin31  and  binl_3- 
bin2_l-bin3_l  will  give  the  correct  result,  since 
binl_l=  bin  1_2=  bin  13. 

•  Outputs  in  the  0-8  GHz  range  that  are  different  than 
the  input  frequency:  Sometimes  different  input 
signals  result  in  a  very  close  bin  numbers  (i.e., 
binl_l=36  and  binl_3=31)  when  sampled.  As  a  result, 
the  incorrect  match  binl_3-bin2_l-bin3_l  results  in 
a  number  very  close  to  the  correct  match,  match 
binl_l-bin2_l-bin3_l .  While  some  of  these  outputs 
are  very  close  to  the  correct  inputs,  (i.e.,  their 
difference  is  smaller  than  the  resolution) ,  the 
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others  are  not  as  close,  (i.e.,  their  difference  is 
greater  than  the  resolution) . 

The  fifth  observation  concerns  how  the  number  of 
erroneous  results  changes  with  the  parameters.  As  seen  in 
Table  5.5,  the  number  of  erroneous  results  increases  as: 
(1)  the  resolution  increases,  (2)  the  number  of  input 
signals  increases,  (3)  the  number  of  sampling  frequencies 
decreases,  and  (4)  the  dif ference (s)  between  sampling 
frequencies  decrease (s) .  Each  of  these  events  will  be 
discussed  in  greater  detail  in  the  following  paragraphs . 

The  first  situation  occurs  because  the  integer  field 
and  rounding  effects  previously  described  increase  with 
greater  resolution.  This  is  due  to  the  fact  that  we  have  to 
round  more  to  achieve  greater  resolutions. 

The  second  situation  is  caused  by  outputs  that  are  in 
the  0-8  GHz  range,  but  also  different  than  the  input 
signals  previously  described.  In  order  to  understand  how 
the  increase  happens,  let  us  consider  the  four-signal  case 
with  three  sampling  frequencies.  There  are  four  bin  mombers 
for  each  sampling  frequency,  a  total  of  12  for  all  three 
sampling  frequencies  i.e.. 
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Bin2_l  Bin3_l 

Bin2_2  Bin3_2 

Bin2_3  Bin3_3 

Bin2_4  Bin3_4 

These  12  bins  result  in  4*4*4=64  possible  matches 
(which  is  eight  for  the  two-signal  case  and  27  for  the 
three-signal  case)  as  identified  in  the  multi-signal  case. 
Since  more  bins  are  matched,  the  probability  of  some 
incorrect  outputs  occurring  through  coincidence  in  the 
correct  frequency  range  (0-8  GHz)  increases.  As  a  result, 
the  nximber  of  erroneous  results  also  increases  due  to  the 
large  number  of  possible  signal  frequencies . 

As  the  number  of  sampling  frequencies  increases,  the 
possibility  of  getting  incorrect  outputs  occurring  in  the  0- 
8  GHz  range  decreases .  In  order  for  the  incorrect  bins  to 
correctly  produce  results,  they  must  be  close  to  one  of  the 
actual  bins,  and  match  up  with  the  corresponding  correct 
bin(s) .  When  there  are  three  sampling  frequencies  instead  of 
two,  the  incorrect  bins  should  match  up  with  two  correct 
bins,  and  so  on.  Note  that  there  is  a  trade-off  here,  since 
the  number  of  matches  also  increases  with  the  number  of 
sampling  frequencies. 

As  to  the  effect  of  sampling  frequencies  with  greater 
differences,  the  sampling  frequencies  that  are  very  close  to 
each  other  produce  remainders  that  are  also  very  close  to 


Binl_l 

Binl_2 

Binl_3 

Binl_4 
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each  other.  These  remainders,  eventually,  produce  very 
similar  bin  numbers.  As  a  result  of  these  incorrect  but  not 
highly  erroneous  bin  numbers,  we  end  up  with  incorrect 
output  frequencies  in  the  correct  range.  Using  sampling 
frequencies  with  greater  differences  avoids  this  problem. 


Number 

of 

signals 

Means  of  the  Number  of  Erroneous  Results 

bv  Usina  two  samnlina  freouencies 

25/pairl 

25/pair2 

10 /pair 1 

10/pairl 

5 /pair 1 

5 /pair  2 

1 

0 

0 

0 

0 

0 

2 

8.9 

5.5 

3 

1.9 

1 

3 

26 

24.4 

13 

9.2 

6.8 

3.9 

4 

37.7 

27.7 

24 

16.7 

12.3 

8.4 

5 

43.7 

30.2 

25.1 

14.9 

13.5 

Number 

of 

signals 

Me«m.s  of  the  Number  of  Erroneous  Results 

bv  Usina  three  samolina  freouencies 

25/pairl 

25/pair2 

10 /pair 1 

5/pair2 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

3 

1.2 

0.4 

0.2 

0 

0 

0 

4 

3.1 

2.4 

0 

0.1 

0 

0.1 

5 

4.1 

3.4 

0.5 

0.4 

0.1 

0.2 

Table  5.5  -  Means  o£  the  Nunber  o£  Erroneous  Results. 
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VI 


CONCLUSION 


The  main  objective  of  this  thesis  was  to  resolve  the 


frequency 

ambiguities 

that 

occur  in  wideband  digital 

compressive  receivers 

using 

sub-Nyquist 

sampling 

as 

proposed 

by  Schleher 

[Ref. 

1] .  For  the 

purposes 

of 

analyzing 

and  addressing  the 

aspects  of  the 

problem. 

an 

algorithm  that  implements  the  Chinese  Remainder  Theorem  was 
developed  and  presented. 

First,  it  was  shown  that  output  of  siob-Nyquist 
sampling  is  congruent  with  the  sampled  signal  modulo 
sampling  frequency.  Hence,  sampling  the  same  signal  with 
multi  sampling  frequencies  forms  a  simultaneous  congruence 
problem  that  can  be  solved  using  the  Chinese  Remainder 
Theorem.  Second,  an  algorithm  that  iitplements  this  approach 
was  developed  and  coded  in  Matlab®. 

Several  experiments  with  the  code  were  made  to  see  the 
effects  of  different  parameters  on  the  outcome,  i.e., 
nijmber  of  signals,  different  nvimber  of  sampling 
frequencies,  different  sampling  frequency  pairs  and 
triples,  and  different  resolutions.  The  algorithm  was 
modified  according  to  the  problems  encountered  and 
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solutions  were  provided  against  these  problems.  Moreover, 
some  conclusions  are  drawn  according  to  the  results  of 
these  experiments. 

Conclusions  drawn  from  these  experiments  suggest  that 
in  order  to  decrease  the  number  of  erroneous  results  that 
the  algorithm  produces  we  should: 

•  Decrease  the  resolution 

•  Increase  the  niimber  of  sampling  frequencies 

•  Increase  the  difference  between  sampling  frequencies 

It  is  important  to  emphasize  that  there  are  still  some 
aspects  of  the  ambiguity  problem  in  wideband  compressive 
receivers  to  be  analyzed.  As  a  suggestion  for  future  work, 
it  would  be  interesting  to  examine  the  situations  for  more 
than  five  signals  occurring  concurrently. 

Great  progress  has  been  achieved  in  this  thesis  towards 
the  goal  of  developing  an  algorithm  to  solve  the  frequency 
ambiguities.  The  algorithm  has  successfully  resolved  the 
frequency  ambiguiities  completely  for  all  resolutions  in  the 
1,  and  2-signal  cases.  The  ambiguities  have  been  resolved  to 
a  great  extent  for  10  and  5  MHz  resolutions  in  the  3,  4  and 
5-signal  cases. 
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APPENDIX  A.  MATLAB  SOURCE  CODES 


The  following  Matlab  codes  are  presented  in  this 
Appendix : 


FILE  NAME 

Number  of 
Sampling 
Frequencie 
s 

Number  of 
Input 
Signals 

Modification 

crt_2sf_lsgn.m 

2 

1 

No 

crt_2sf_2sgn.m 

2 

2 

No 

cr t_2sf _3 sgn . m 

2 

3 

No 

crt_2sf_4sgn.in 

2 

4 

No 

crt_2sf_5sgn  .in 

2 

5 

No 

crt_3sf_lsgn.in 

3 

1 

No 

crt_3sf_2sgn.m 

3 

2 

No 

cr t_3  s  f _3  sgn . m 

3 

3 

No 

crt_3sf_4sgn.m 

3 

4 

No 

crt_3sf_5sgn.m 

3 

5 

No 

finput .m 

Generates  random  niimbers  in  the  0-8  GHz 
range 

Table  A.l  —  List  o£  Matlab  Programs. 
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%cr t_2  s  f sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  (*’=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1)  ,  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2+ . ,  . +M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 

fsl=input { 'Enter  the  first  sampling  frequency:');  %the  first 

sampling  frequency  that  will  be  used 

fs2=input { 'Enter  the  second  sampling  frequency:');  %the  second 

sampling  frequency  that  will  be  used 

res=input { 'Enter  the  resolution (25,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 

itr=50;  %how  many 

debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_input (n) = f input 1 ; 
frequency  of  the  first  input  signal 
modl=f sl/res; 

first  sampling  frequency  in  terms  of  bins 
quotl(n)=fix{f_input (n) /fsl) ; 
reml (n) =f_input (n) -quotl (n) *fsl  ; 
remainder 

binl  (n)  =round(modl*  (reml  (n)  /fsl)  )  ; 
bin  number  for  remainder 1 

mod2=fs2/res; 

second  sampling  frquency  in  terms  of  bins 
quot2 (n) =fix(f_input (n) /fs2) ; 
rem2 (n) =f„input (n) -quot2 (n) *fs2  ; 
remainder 

bin2 (n) =round(mod2* (rem2 (n) /fs2)  )  ; 
bin  number  for  remainder2 

%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2;  %M  is  an  integer  that 

is  defined  in  CRT 

bl=0;  %integer  we  have  to 

find  in  order  to  solve  for  real  frequency 
while  mod(  (M/modl)  *bl,modl)-=l; 
bl=bl+l; 

end 

b2=0;  %integer  we  have  to 

find  in  order  to  solve  for  real  frequency 


%the 

%modl  is 

%quotient 
%the  first 

%estimated 

%mod2  is 

%quotient 
%the  second 

%estimated 
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while  mod{  {M/mod2)  *b2,mod2)-=l; 
b2=b2+l; 

end 

%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn„bin{n) =0;  %signal  in  tenns  of 

bin  numbers 

sgn_bin  (n)  =  (M/modl )  *binl  (n)  *bl+  (M/mod2 )  *bin2  (n)  *b2  ; 
sgn_bin=mod(sgn_bin,M)  ;  %real  frequency  in 

terms  of  bin  numbers 

sgn_f rq=sgn_bin*res  ;  %real  frequency  in 

terms  of  frequency 

%output 

format  short  e 
output = [ f_input 
sgn_frq] 

end 


%crt_2sf__2sgn.m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1)  ,  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* . . .mr . 

%A  st^ndsrd  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f=iyi/ml*al*bi+M/m2*a2*b2+.  .  .+M/mr*ar*br  (mod  M) 


clear  all 

%initiali2ation  part:  obtains  all  the  parameters  required 
fsl-input ( 'Enter  the  first  sampling  frequency:'); 
sampling  frequency  that  will  be  used 
fs2=:input  (' Enter  the  second  sampling  frequency:'); 
sampling  frequency  that  will  be  used 
res=input ( 'Enter  the  resolution(25,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

debugging  tries  that  will  be  made 
f input 

for  n=l : itr 

f_inputl (n) = f input 1; 
frequency  of  the  first  input  signal 
f_input2 (n) =f input 2 ; 
frequency  of  the  second  input  signal 

%simulation  part:  finds  the  remainders  and  estimates  bin  numbers 
for  them 


%the  first 


%the  second 


%how  many 


%the 


%the 
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inodl=f  sl/res; 

first  sampling  frequency  in  terms  of  bins 
quotll (n) =f ix(f_inputl (n) /fsl) ; 
quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl; 
remainder  for  sfl 

binll (n) =round(modl* (remll (n) /fsl) ) ; 
estimated  bin  nimber  for  sfl 


%modl  is 
%first 
%f irst 
%f irst 


quotl2 (n) =f ix{f_input2 (n) /fsl) ;  %second 

quotient  for  sfl 

reml2 (n) =f_input2 (n) -quotl2 (n) *fsl;  %second 

remainder  for  sfl 

binl2 (n) =round{modl* (reml2 (n) /fsl) ) ;  %second 

estimated  bin  number  for  sfl 


mod2=f s2/res; 

first  sampling  frequency  in  terms  of  bins 
quot21  (n)  =f  ix(f_inputl  (n)  /fs2)  ; 
quotient  for  sf2 

rem21 (n) =f_inputl (n) -quot21 (n) *fs2; 
remainder  for  sf2 

bin21 (n) =round(mod2* (rem21 (n) /fs2) ) ; 
estimated  bin  number  for  sf2 


%modl  is 
%first 
%f irst 
%first 


quot22 (n) =f ix (f_input2 (n) /fs2) ; 
quotient  for  sf2 

rem22 (n) =f_input2 (n) -quot22 (n) *f s2 ; 
remainder  for  sf2 

bin22 (n) =round(mod2* (rem22 (n) /fs2) ) ; 
estimated  bin  nxomber  for  sf2 


% second 
%second 
%second 


%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
” sgn_bin " 

M=modl*inod2;  %M  is  an  integer 

that  is  defined  in  CRT 

bl=0;  %integer  we  have  to 

find  in  order  to  solve  for  real  frequency 
while  mod ( (M/modl) *bl, modi) ~=1 
bl=bl+l; 

end 

b2=0;  % integer  we  have  to 

find  in  order  to  solve  for  real  frequency 
while  mod(  {M/mod2)  *b2,mod2) --=1 
b2=b2+l; 

end 


%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn_bin{n,  4)  =0;  %signal  in  terms  of  bin  numbers 

sgn_bin(n,  1)  =  (M/modl)  *binll  (n)  *bl+  {M/mod2)  *bin21  (n)  *b2; 
sgn_bin(n,  2)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2; 
sgn_bin(n,  3)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2; 
sgn_bin(n,  4)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2; 
sgn_bin=mod(sgn_bin,M)  ;  %real  frequency  in  terms  of  bin  nimbers 
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sgn_frg=sgn_bin*res;  %real  frequency  in  teinns  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

%  first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  {1-8 

GHz) 

%  second,  check  1) whether  the  "signal"  is  empty  and, 

%  2) if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one(s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal" 

signall(n) =-l;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 
for  m=l:4 

if  sgn_frq(n,m) >=0  &  sgn_frq(n,m) <=8e9 
sgn_frq(n,m) =sgn_frq(n,m) ; 
else 

sgn_frq(n,m) =-2; 

end 

end 


for  m=l:4 

if  (  (sgn_frq(n,m)>=(0*fsl)+remll(l,n) -(res/2)  & 
sgn_frq(n,m)<=(0*fsl)+remll(l,n)  + (res/2) )  | . .  . 

(sgn_frq(n,m)>= (l*fsl) +remll (l,n) -(res/2)  & 
sgn_frq(n,m)<=(l*fsl)+remll(l,n)  +  (res/2) )  |  .  . . 

{sgn_frq(n,m)>= (2*fsl) +remll {l,n) - (res/2)  & 
sgn_f rq (n, m) <= (2*f si )+remll{l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(3*fsl)+remll(l,n) -(res/2)  & 
sgn_frq(n,m)<=(3*fsl)+remll(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(4*fsl)+remll(l,n) -{res/2)  & 
sgn_frq(n,m)<=(4*fsl)+remll(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>=(5*fsl)+remll(l,n)- (res/2)  & 
sgn_frq(n,m)<=(5*fsl)+remll(l,n)  +  (res/2) )  |  .  .  . 

(sgn_f rq (n, m) >= (6*f si )+remll(l,n)- {res/2)  & 
sgn_frq(n,m)<=(6*fsl)+remll(l,n)  +  (res/2) )  | .  .  . 

(sgn_frq{n,m)>= (7*fsl) +remll {l,n) - {res/2)  & 
sgn_frq(n,m)<=(7*fsl)+remll(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>= (8*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fsl)+remll(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>= (0*fsl) +reml2 (l,n) - {res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml2(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>=(l*fsl)+reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+reml2(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>= {2*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq{n,m)<=(2*fsl)+reml2(l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,m)>={3*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fsl)+reml2(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (4*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml2(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(5*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fsl)+reml2(l,n)  +  (res/2) )  |  .  . . 
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{sgn_frq(n,in)  >=  (6*fsl)  +reinl2  (l,n)  -  (res/2)  & 
sgn_frq{n,m)  <=  ( 6*f si)  +reml2  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (7*f si)  +reinl2  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(7*fsl)+reml2  (l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)  >=  (8*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,in) <=  (8*fsl)  +reinl2  (l,n)  +  (res/ 2) )  ) 

sgn_frq(n,in)  =sgn_frq(n,m)  ; 

else 

sgn_frq(n,in)  =-2  ; 

end 

end 

for  in=l:4 

if  {  (sgn_frq(n,m)>= (0*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,in)  <=  (0*fs2)  +rein21  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn__frq(n,m) >=  (l*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (l*f s2 )  +rem21  (1 , n)  +  (res/ 2 )  )  |  .  .  . 

(sgn_frq(n,m) >= {2*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,in)<={2*fs2)+rein21(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (3*fs2)  +rera21  (1, n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >=  (4*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem21(l,n)  + (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (5*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(5*fs2)+rem21(l,n)  +  ( res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (6*fs2) +rem21 (l,n) - (res/2)  & 
sgn„frq(n,in)<=(6*fs2)+rem21(l,n)  +  ( res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (7*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rein21(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (8*fs2 ) +rem21 (l,n) - (res/2)  & 
sgn_f rq(n,m) <=  {8*fs2)  +rein21  (l,n)  +  {res/2)  )  |  . 

(sgn_frq{n,m)  >=  (0*fs2)  +reni22  {l,n)  -  (res/ 2 )  & 
sgn_frq(n,m)<=(0*fs2)+rem22(l,n)  + (res/2)  )  |  , 

(sgn_frq(n,m) >= (l*fs2) +rem22 {l,n) - (res/2)  & 
sgn_frq{n,m) <=  (l*f s2 )  +rem22  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)  >=  (2*f s2 )  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  {2*fs2 )  +rem22  (l,n)  +  {res/2 ) )  |  .  .  . 

{sgn_frq(n,m) >=  (3*fs2)  +rem22  {l,n)  -  {res/2)  & 
sgn_frq(n,in)<=(3*fs2)+rem22(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m) >= (4*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)  <=  (4*fs2 )  +rein22  (1,  n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m) >= (5*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<={5*fs2)+rem22(l,n)  +  {res/2)  )  |  , 

{sgn_frq(n,m)  >=  (6*fs2)  +rein22  (l,n)  {res/2)  & 

sgn_frq(n,in)  <=  {6*fs2)  +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  {7*f s2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq{n,m)<=(7*fs2)+rem22(l,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (8*fs2)  +rein22  {l,n)  -  {res/2)  & 
sgn_frq(n,iti)  <=  {8*fs2)  +rem22  (l,n)  +  {res/2 )  )  ) 

sgn_frq(n,in)=sgn_frq(n,m)  ; 
else 

sgn_frq{n,m) =-2  ; 

end 

end 
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for  m=l:4 

if  sgn_frq{n,in)  >=0  &  sgn_frq(n,in)<=8e9 
if  signall (n) ==-l 

signall  (n)  =sgn__frq(n,in)  ; 
elseif  signal2 (n) ==-l  &  ... 

(sgn_frq(n,in)<=signall  (n)  -res 
sgn_frq(n,in)  >=signall  (n)  +res) 

signal2  (n)  =sgn_frq(n,m)  ; 

end 

end 

end 

%output 

format  short  e 
output= [ f _inputl 
f_input2 
signall 
signal2] 

end 


%  c  r t_2  s  f _3  sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1) ,  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f =M/ml*al*bi+M/m2*a2*b2+ .  .  . +M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 

fsl=input ( 'Enter  the  first  sampling  frequency;'); 

sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

res=input ( 'Enter  the  resolution (25 ,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) =f input 1 ; 
frequency  of  the  first  input  signal 
f_input2 (n) =finput2; 
frequency  of  the  second  input  signal 


%the  first 
%the  second 


%how  many 


%the 

%the 
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%the 


f_input3 (n) =f inputs ; 
frequency  of  the  third  input  signal 

%simulation  part: finds  the  remainders  and  estimates  bin  numbers 
for  them 

modi = f  s 1 / r es ;  %modl 

is  first  sampling  frequency  in  terms  of  bins 

quotll (n) =fix(f_inputl (n) /fsl) ;  % first 

quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl;  %f irst 

remainder  for  sfl 

binll (n) =round(modl* (remll (n) /fsl) )  ;  %first 

estimated  bin  number  for  sfl 

quotl2 (n) =fix(f_input2 (n) /fsl) ; 

%second  quotient  for  sfl 

reml2 (n) =f_input2 (n) -quotl2 (n) *fsl; 

%second  remainder  for  sfl 

binl2 (n) =round(modl* {reml2 (n) /fsl)  )  ; 

%second  estimated  bin  number  for  sfl 


quotlS (n) =fix(f_input3 (n) /fsl) ;  %third 

quotient  for  sfl ,  signals 

reml3 (n) =f_input3 (n) -quotlS (n) *fsl;  %third 

remainder  for  sfl,  signals 

binlS (n) =round(modl* (remlS (n) /fsl) ) ;  %third 

estimated  bin  number  for  sfl,  signals 

mod2=f s2 /res ;  %mod2 

is  second  sampling  frequency  in  terms  of  bins 

quot21 (n) =f ix(f_inputl (n) /fs2) ;  %first 

quotient  for  sf2 

rem21 (n) =f_inputl (n) -quot21 (n) *f s2 ;  %f irst 

remainder  for  sf2 

bin21 (n) =round{mod2* (rem21 (n) /fs2) ) ;  %first 

estimated  bin  number  for  sf2 


quot22 (n) =f ix (f_input2 (n) /fs2) ; 

%second  quotient  for  sf2 

rem22 (n) =f_input2 (n) -quot22 (n) *f s2 ; 

% second  remainder  for  sf2 

bin22 (n) =round(mod2* (rem22 (n) /fs2) ) ; 

%second  estimated  bin  number  for  sf2 

quot23 (n) =f ix (f^inputS (n) /fs2) ;  %third 

quotient  for  sf2,  signals 

rem2S (n) =f_input3 (n) -quot23 (n) *f s2 ;  %third 

remainder  for  sf2,  signals 

bin23 (n) =round(mod2* (rem23 (n) /fs2) ) ;  % third 

estimated  bin  number  for  sf2,  signals 

%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
”  sgn__bin " 

M=modl*mod2;  %M  is  an  integer 

that  is  defined  in  CRT 
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% integer  we  have  to 


bl=0; 

find  in  order  to  solve  for  real  frequency 
while  mod ( (M/modl ) *bl , modi ) ~=1 
bl=bl+l; 

end 

t)2=0;  %integer  we  have  to 

find  in  order  to  solve  for  real  frequency 
while  mod ( (M/mod2 ) *b2 , mod2 ) ~=1 
b2=b2+l; 

end 

%calculation  part :  calcuates  the  input  frequency  using  remainders 
sgn_bin(n,  9)  =0;  %signal  in  terms  of  bin  ntimbers 

sgn_bin (n,  1 )  =  (M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2 ; 
sgn_bin  (n,  2 )  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2  ; 
sgn_bin  (n,  3 )  =  (M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin(n,  4)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2  ; 
sgn_bin  (n,  5 )  =  (M/modl )  *binl2  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2  ; 
sgn_bin  (n,  6 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin(n,  7)  =  (M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin21  (n)  *b2; 
sgn_bin(n,  8)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2; 
sgn_bin  (n,  9 )  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin=mod(sgn_bin,M) ;  %real  frequency  in  terms  of  bin  numbers 
sgn_frq=sgn_bin*res;  %real  frequency  in  terms  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

%  first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

GHz) 

%  second,  check  1) whether  the  "signal"  is  empty  and, 

%  2) if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one(s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal". 

signall (n) =-l;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 
signal3 (n) =-l; 

for  m=l : 9 

if  sgn_frq(n,m) >=0  &  sgn_frq(n,m) <=8e9 
sgn_frq(n,m)=sgn_frq(n,m) ; 
else 

sgn_frq(n,m) =-2 ; 

end 

end 

for  m=l:9 

if  (  (sgn_frq(n,m)>= (0*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fsl)+remll(l,n)  + (res/2) )  |  . .  . 

(sgn_frq(n,m)>= (l*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+remll(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (2*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+remll(l,n)+(res/2) )  | . . . 
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(sgn_frq(n,in)  >=  (3*fsl)  +remll  (1  ,n)  -  (res/2 )  & 
sgn_frq(n,in)<=(3*fsl)+reinll{l,n)  +  (res/2)  )  |... 

(sgn_frq(n,m) >= (4*fsl)  +remll (1, n) - (res/2)  & 
sgn_frq(n,m)<= (4*fsl) +remll (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (5*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,in)<=(5*fsl)+remll(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m) >= (6*fsl) +remll (1 , n) - (res/2 )  & 
sgn_frq(n,in)  <=  (6*fsl)  +remll  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >= (7*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,in)<=  (7*fsl)  +remll  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (8*f si)  +reinll  (l,n)  -  (res/2 )  & 
sgn_frq(n,m) <= (8*fsl) +remll (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,in)  >=  (0*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (0*fsl) +reml2 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (l*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<= (l*fsl) +reml2 (l,n) + (res/2) )  |... 

(sgn_frq(n,m) >= (2*fsl) +reml2 (1, n) - (res/2)  & 
sgn_frq(n,in)<=  (2*fsl)  +reinl2  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (3*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<= (3*fsl) +reml2 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)  >=  (4*fsl)  +renil2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (4*fsl) +reml2 (l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,in)  >=  (5*f si)  +reml2  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(5*fsl)+reml2 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,in)  >=  (6*f si)  +reml2  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(6*fsl)+reml2 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (7*f si)  +reml2 (l,n) - (res/2 )  & 
sgn_frq(n,m) <= (7*fsl) +reml2 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,in)  >=  (8*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (8*fsl) +reml2 (l,n) + (res/2) )  | ^ 

(sgn_frq(n,m) >= (0*fsl) +reml3 (l,n) - (res/2 )  & 
sgn_frq(n,m) <= (0*fsl) +reml3 (l,n)  +  (res/2 ) )  | .  . . 

(sgn_frq(n,ni)  >=  (l*f  si)  +reml3  (1,  n)  -  (res/2 )  & 
sgn_frq(n,m)<= (l*fsl) +reml3 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (2*fsl) +reinl3 (1, n) - (res/2)  & 
sgn_frq(n,in)<=  (2*fsl)  +reml3  (l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,in)  >=  (3*fsl)  +reml3  (1, n)  -  (res/2)  & 
sgn_frq(n,m)<= (3*fsl) +reml3 (l,n)  +  (res/2) )  | .  . . 

(sgn_frq(n,in)>=(4*fsl)+reml3  (l,n)-(res/2)  & 
sgn_frq(n,in)<=  (4*fsl)  +reml3  (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m) >= (5*fsl) +reinl3 (1, n) - (res/2 )  & 
sgn_frq(n,m) <= (5*fsl) +reml3 (l,n) + (res/2 ) )  ( • . . 

{sgn_frq(n,m) >= (6*fsl) +reml3 {l,n) - (res/2)  & 
sgn_frq(n,m)<= (6*fsl) +reml3 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)  >=  (7*fsl)  +reinl3  (1, n)  -  (res/2)  & 
sgn_frq(n,m)<= (7*fsl) +reml3 (l,n) + (res/2) )  |... 

(sgn_frq(n,m) >= (8*fsl) +reml3 (1 , n) - (res/2 )  & 
sgn_frq(n,m)<= (8*fsl) +reml3 (l,n) + (res/2) )  ) 

sgn_frq(n,m)  =sgn_frq(n,in)  ; 
else 

sgn_frq(n,in)  =-2  ; 

end 

end 


64 


for  m=l:9 

if  (  (sgn_frq(n,m)  >=  {0*fs2) +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem21(l,n)  + (res/2) )  | .  .  . 

(sgn_frq(n,m) >= (l*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (l*fs2) +rem21 (l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>=  (2*fs2)  +reni21  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(2*fs2)+rem21(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (3*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rem21(l,n)  +  (res/2) )  ( .  .  . 

(sgn_frq(n,m)>=(4*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem21(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (5*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frg(n,m)<=(5*fs2)+rem21(l,n)  + (res/2) )  | . . . 

(sgn_frq(n,m)>=(6*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frg(n,in)<=(6*fs2)+rem21(l,n)  + (res/2)  )  |  .  .  . 

(sgn_frq(n,m)>=  (7*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frg(n,in) <=  (7*fs2)  +rem21  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)>=  (8*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (8*fs2) +rem21 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(0*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(0*fs2)+rem22  (l,n)  +  {res/2)  )  |  .  . . 

(sgn_frq(n,m)>=  (l*fs2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem22 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,in)>=  (2*fs2 )  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (2*fs2) +rem22 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,m)>=(3*fs2)+rem22 (l,n) - (res/2)  & 
sgn_frq(n.m) <= (3*fs2) +rem22 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >=  (4*fs2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (4*fs2) +rem22 (1, n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (5*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,in)  <=  (5*fs2)  +rem22  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (6*fs2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (6*fs2) +rem22 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,in)>=  (7*fs2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,in)  <=  (7*f s2)  +rem22  (1,  n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (8*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (8*fs2) +rem22 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)>=  (0*fs2)  +rein23  (l.n)  -  (res/2)  & 
sgn_frq(n,m) <=(0*fs2) +rem23 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)>= (l*fs2) +rem23 (l.n) - (res/2)  & 
sgn_frq(n,m) <= (l*fs2) +rem23 (l.n) + (res/2) )  | . . . 

(sgn_frq(n,m)>= (2*fs2) +rein23 (l.n) - (res/2)  & 
sgn_frq(n.in)<=(2*fs2)+rem23(l.n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n.m)>=  (3*fs2)  +rein23  (l.n)  -  (res/2)  & 
sgn_frq(n.m)  <=  (3*fs2)  +rein23  (l.n)  +  (res/ 2) )  |  .  .  . 

(sgn_frq(n.in)>=  (4*fs2)  +rem23  (l.n)  -  (res/2)  & 
sgn_frq(n.in)  <=  (4*fs2)  +rem23  (1,  n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)>=  (5*fs2)  +rein23  (l.n)  -  (res/2)  & 
sgn_frq(n.in)  <=  (5*fs2)  +rem23  (l.n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n.m)>=(6*fs2) +rem23 (l.n) - (res/2)  & 
sgn_frq(n.in)  <=(6*fs2)  +rem23  (l.n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (7*fs2) +rem23 (l.n) - (res/2)  & 
sgn_frq(n.m) <= (7*fs2) +rem23 (l.n) + (res/2) )  |... 
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{sgn_frg{n,m) >=  (8*fs2 )  +rem23  {l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  {8*fs2)  +rem23  (l,n)  +  {res/2)  )  ) 

sgn_frq{n,m)  =sgn_frq(n,m)  ; 
else 

sgn_frq{n,m)  =-2; 

end 

end 

for  in=l:9 

if  sgn_frq(n,m)  >=0  &  sgn_frq{n,m)  <=8e9 
if  signall (n) ==-l 

signall  (n)  =sgn_frq(n,m)  ; 
elseif  signal2 (n) ==-l  &  ... 

{sgn_frq{n,m)  <=signall  (n)  -res  | 
sgn_frq(n,in)  >=signall  (n)  +res) 

signal2  (n)  =sgn_frq{n,m)  ; 
elseif  signal3 (n) ==-l  &  ... 

(sgn_frq(n,m)  <=signall  (n)  -res  | 
sgn_frq{n,m) >=signall (n) +res)  &  ... 

(sgn_frq(n,m)<=signal2  (n)  -res  | 
sgn_frq{n,m) >=signal2 (n) +res) 

signal3 (n) =sgn_frq{n,m)  ; 

end 

end 

end 

%output 

format  short  e 
output = [ f_inputl 
f— input2 
f_input3 
signall 
signal2 
signal3 ] 

end 


%crt_2sf_4sgn.m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1) ,  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2  +  .  .  . +M/mr*ar*br  (mod  M) 


clear  all 

^initialization  part:  obtains  all  the  parameters  required 
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%the  first 


fsl=input ( 'Enter  the  first  sampling  frequency:'); 
sampling  frequency  that  will  be  used 
fs2=input ( 'Enter  the  second  sampling  frequency:'); 
sampling  frequency  that  will  be  used 
res=input( 'Enter  the  resolution (25 ,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) = f input 1; 
frequency  of  the  first  input  signal 
f_input2 (n) =f input 2 ; 
frequency  of  the  second  input  signal 
f_input3 (n) =f input3 ; 
frequency  of  the  third  input  signal 
f_input4 (n) =f input 4 ; 
frequency  of  the  fourth  input  signal 

%simulation  part: finds  the  remainders  and  estimates  bin  numbers 
for  them 

modl=fsl/res; 


%the  second 


%how  many 


%the 


%the 


%the 


%the 


quotll (n) =f ix ( f_inputl (n) /f si) ; 
remll (n) =f_inputl (n) -quotll (n) *fsl; 

sfl 

binll  (n)  =round{modl*  (remll  (n)  /fsl) )  ; 
nximber  for  sfl 


%first  quotient  for  sfl 
%first  remainder  for 

%first  estimated  bin 


quotl2 (n) =f ix(f_input2 (n) /fsl) ; 

sfl 

reml2  (n)  =f_input2  (n)  -quotl2  (n)  *fsl; 

sfl 

binl2  (n)  =round(modl*  (reml2  (n)  /fsl)  )  ; 
number  for  sfl 


%second  quotient  for 
%second  remainder  for 
%second  estimated  bin 


quotl3  (n)  :=f ix(f_input3  (n)  /f si)  ; 
sfl,  signal3 

reml3 (n) =f_input3 (n) -quotl3 (n) *fsl; 
sfl,  signal3 

binl3 (n) =round(modl* (reml3 (n) /fsl) )  ; 
number  for  sfl,  signals 


%third  quotient  for 
%third  remainder  for 
%third  estimated  bin 


quotl4 (n) =f ix ( f_input4 (n) /fsl) ; 
sfl,  signal4 

reml4 (n) =f_input4 (n) -quotl4 (n) *fsl; 
sfl,  signal4 

binl4 (n) =round(modl* (reml4 (n) /fsl) ) ; 
number  for  sfl,  signal4 


%fourth  quotient  for 
%fourth  remainder  for 
%fourth  estimated  bin 


mod2=fs2/res; 

guot21 (n) =f ix(f_inputl (n) /fs2) ; 
rem21 (n) =f_inputl (n) -quot21 (n) *fs2; 
bin21 (n) =round(mod2* (rem21 (n) /fs2) ) ; 
number  for  sf2 


%first  quotient  for  sf2 
%first  remainder  for  sf2 
%first  estimated  bin 
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quot22  (n)  =f  ix(f_input2  (n)  /fs2)  ; 
rem22  (n)  =f_input2  (n)  “quot22  (n)  *f  s2  ; 
bin22 (n) =round (mod2* (rem22 (n) /fs2)  )  ; 
number  for  sf2 

quot23 (n) =f ix{f_input3 (n) /fs2) ; 
signal3 

rem23  (n)  =f_input3  (n)  -quot23  (n)  *f  s2  ; 
signal3 

bin23  (n)  =round(mod2*  (rein23  (n)  /fs2)  )  ; 
niomber  for  sf2,  signal3 

quot24  (n)  =f  ix  (f_input4  (n)  /fs2)  ; 
signal4 

rem24  (n)  =f_input4  (n)  -guot24  (n)  *f s2  ; 
signal4 

bin24 (n) =round(mod2* (rem24 (n) /fs2)  )  ; 
number  for  sf2,  signal4 

%iteration  part:  calculates  bi's,  which 
”sgn_bin" 

M=modl  *mod2  ; 
that  is  defined  in  CRT 
bl=0; 

find  in  order  to  solve  for  real  frequency 
while  mod { (M/modl) *bl, modi) -=1 
bl=bl+l; 

end 
b2=0; 

find  in  order  to  solve  for  real  frequency 
while  mod{ (M/mod2 ) *b2  ,mod2 ) -=1 
b2=b2+l; 

end 

%calculation  of  possible  signal  frequencies 
sgn_bin(n, 16) =0;  %signal  in  terms  of  bin  numbers 

sgn_bin  (n,  1 )  =  (M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2 ; 
sgn_bin(n,  2 )  =  (M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2  ; 
sgn__bin{n,3)  =  (M/modl)  *binll(n)  *bl+(M/mod2)  *bin23  (n)  *b2; 
sgn_bin(n,  4)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2; 
sgn_bin (n,  5 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2  ; 
sgn_bin (n,  6)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2  ; 
sgn_bin(n,7)  =(M/modl)  *binl2  (n)  *bl+(M/mod2)  *bin23  (n)  *b2; 
sgn_bin(n,  8 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2  ; 
sgn_bin(n,  9 )  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2  ; 
sgn__bin(n,  10)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2 ; 
sgn_bin (n,  11)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2 ; 
sgn_bin (n,  12 )  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2 ; 
sgn_bin(n,  13 )  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2  ; 
sgn_bin (n,  14)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2  ; 
sgn_bin(n,  15)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin (n,  16 )  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2  ; 
sgn_bin=mod(sgn_bin,M)  ;  %real  frequency  in  terms  of  bin  numbers 
sgn_frq=sgn_bin*res;  %real  frequency  in  terms  of  frequency 


are  necessary  to  find 
%M  is  an  integer 
% integer  we  have  to 

%integer  we  have  to 


%second  quotient  for  sf2 
%second  remainder  for  sf2 
%second  estimated  bin 

%third  quotient  for  sf2, 
%third  remainder  for  sf2, 
%third  estimated  bin 

%fourth  quotient  for  sf2, 
%fourth  remainder  for  sf2, 
%fourth  estimated  bin 
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%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

%  first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

GHz) 

%  second,  check  1) whether  the  "signal"  is  empty  and, 

%  2) if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one{s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal". 

signall (n) =-l ;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l ;  %choosen  for  the  signal  yet 
signals (n) =-l; 
signal4 (n) =-l; 

for  m=l:16 

if  sgn_frq(n,m) >=0  &  sgn_frq{n,m)<=8e9 
sgn_frq{n,m) =sgn_frq(n,m)  ; 

else 

sgn_frq{n,m) =-2 ; 

end 

end 

for  m=l:16  ■ 

if  (  (sgn_frq(n,m)>=(0*fsl)+remll(l,n)- (res/2)  & 
sgn_frq(n,m) <= (0*fsl) +remll (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,m)  >= (l*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m) <= (l*fsl) +remll (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (2*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m) <= (2*fsl) +remll (l,n) + (res/2) )  |... 

(sgn_frq(n,m) >= (3*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m) <= (3*fsl) +remll (l,n)  +  (res/2) )  | .  . . 

(sgn_frq(n,m) >= (4*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fsl)+remll(l,n)  + (res/2) )  | .  .  . 

(sgn_frq(n,m)  >= (5*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fsl)+remll(l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,m) >= (6*f si) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(6*fsl)+remll(l,n)  + (res/2) )  |  . . . 

(sgn_frq(n,m)>=(7*fsl)+remll(l,n) - (res/2)  & 
sgn_frq(n,m) <= (7*fsl) +remll (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >=(8*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m) <= (8*fsl) +remll (1 ,n) + (res/2) )  | . 

(sgn_frq(n,m)  >= (0*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml2(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(l*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (l*fsl) +reml2 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,m)  >=(2*fsl)  +reml2  (l,n)  -  (res'/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml2 (l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)  >= (3*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fsl) +reml2 (l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)  >= (4*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml2(l,n)  +  (res/2) )  | .  .  . 
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(sgn_frq(n,m) >=  (5*fsl)  +reml2  (l,n)  -  (res/2) 
sgn_frq(n,m)<={5*fsl)+reml2 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (6*fsl) +reml2 (l,n) - (res/2) 
sgn_frq(n,m)<=  (6*fsl)  +reml2  (l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,m)  >=  (7*fsl)  +reinl2  (l,n)  -  (res/2) 
sgn_frq(n,m)<=  (7*fsl)  +reinl2  (l,n)  +  (res/2)  )  |  . 

(sgn_frq(n,in)>=(8*fsl)+reinl2  (l,n)  “(res/2) 
sgn_frq(n,m)<=(8*fsl)+reinl2(l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m) >=  (0*f si)  +reinl3  (l,n)  -  (res/2) 
sgn_frq(n,m)<= (0*fsl) +reml3 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >=  (l*f si)  +reinl3  (l,n)  -  (res/2) 
sgn_frq(n,m)<=(l*fsl) +reml3 (l,n) + (res/2) )  [ . . . 

(sgn_frq(n,m)  >=  (2*fsl)  +reinl3  (l,n)  -  (res/2) 
sgn_frq(n,m)  <= (2*fsl) +reml3 (l,n)  +  (res/2) )  | . 

(sgn_frq(n,in)  >=  (3*fsl)  +reinl3  (l,n)  “  (res/2) 
sgn_frq(n,in)<=(3*fsl)+reinl3  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fsl)  +reml3  (l,n)  -  (res/2) 
sgn_frq(n,m)<= (4*fsl) +reml3 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,in)  >=  (5*fsl)  +reml3  (l,n)  -  (res/2) 
sgn_frq(n,m)<=(5*fsl)+reml3 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (6*fsl) +reml3 (l,n) - (res/2) 
sgn_f rq (n,  m)  <=( 6*f si )+reml3(l,n)  +  ( res/2) )  | . . . 

(sgn_frq(n,in)  >=  (7*fsl)  +reml3  (l,n)  -  (res/2) 
sgn_frq(n,m)<=  (7*fsl) +reinl3  (1  ,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (8*fsl)  +reml3  (1,  n)  -  (res/2) 
sgn_frq(n,m)<= (8*fsl) +reml3 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,in)  >=  (0*fsl)  +reml4  (1, n)  -  (res/2) 
sgn_frq(n,m) <= (0*f si) +reml4 (1 ,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (l*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n,m)<=(l*fsl)+reinl4  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (2*f si)  +reml4  ( 1 , n)  -  (res/2) 
sgn_frq (n,m) <= (2*f si) +reml4 ( 1, n) + (res/2 ) )  | . . . 

(sgn_frq(n,in)  >=  (3*fsl)  +reml4  (l,n)  -  (res/2) 
sgn_frq (n,m) <=  (3*fsl)  +reinl4  (l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,m) >= {4*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n,in)<=(4*fsl)+reinl4(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (5*fsl)  +reml4  (l,n)  -  (res/2) 
sgn_frq(n,m)<=(5*fsl)+reml4(l,n)+(res/2) )  | . . . 

(sgn_frq(n,in)  >=  (6*f si)  +reml4  (l,n)  -  (res/2) 
sgn_f rq (n, m)<=(6*f si )+reml4(l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m) >= (7*fsl) +reml4 (l,n) - (res/2 ) 
sgn_frq(n,m)<=(7*fsl)+reml4(l,n)+(res/2) )  | . 

(sgn_frq(n,m) >= (8*fsl) +reml4 (l,n) - (res/2) 
sgn_frq (n,in)  <=  (8*f si)  +reml4  (l,n')  +  (res/2 )  )  ) 

sgn_frq(n,in)  =sgn_frq(n,m)  ; 
else 

sgn_frq(n,m)  =-2; 

end 

end 


for  m=l:16 

if  (  (sgn_frq{n,m)>=(0*fs2) +rem21 (l,n) “ (res/2) 

sgn_frq(n,in)<=(0*fs2)+rem21(l,n)  +  ( res/2)  )  |  .  .  . 
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(sgn_frq(n,m)>=(l*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frg(n,m)<=(l*fs2)+rem21(l,n)+{res/2) )  | . . . 

{sgn_frq{n,m)>={2*fs2)+rem21 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem21(l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,in)>=  (3*fs2)+rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rein21(l,n)  +  (res/2) )  (  . . . 

(sgn_frq(n,in)>=  (4*fs2)+rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem21(l,n)  + (res/2) )  |  . .  . 

(sgn_frq(n,in)>=(5*fs2)+rein21(l,n)  -(res/2)  & 
sgn_frq(n,m)<=(5*fs2)+rem21(l,n)  +  (res/2)  )  |  . .  . 

(sgn_frq(n,m) >= (6*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(6*fs2)+rein21(l,n)  + (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (7*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rem21(l,n)  + (res/2)  )  |  .  . . 

(sgn_frq(n,m)>=(8*fs2)+rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem21(l,n)  + (res/2)  )  |  ...  . 

(sgn_frq(n,m)>=(0*fs2)+rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem22 (l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m)>=(l*fs2)+rem22 (l,n) -(res/2)  & 
sgn_frq(n,m)<= (l*fs2) +rem22 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)>=(2*fs2)+rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem22 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)>=(3*fs2)+rein22  (l.n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rem22 (l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m) >= (4*fs2) +rem22 (1, n) - (res/2)  & 
sgn_frq(n,in)<=(4*fs2)+rem22  (l,n)  +  (res/2)  )  (  .  . . 

(sgn_frq(n,m)>=(5*fs2)+rem22 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(5*fs2)+rem22 (l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(6*fs2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs2) +rem22 (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >=(7*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rein22  (l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m)>=(8*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(8*fs2)+rein22(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n.m) >= (0*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rera23  (l,n) +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)>=(l*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem23(l,n)  + (res/2)  )  |  .  . . 

{sgn_frq(n,m)  >= (2*fs2 ) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rein23  (l,n)  +  (res/2)  )  |  .  .  . 

{sgn_frq(n,in)  >=  (3*fs2) +rein23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=  (3*fs2)  +rein23  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)>=(4*fs2)+rem23 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rein23(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (5*fs2) +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n.m)<=(5*fs2)+rem23 (l,n)  +  (res/2)  )  |  .  . . 

(fegn_frq(n,in)>=(6*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs2)+reni23  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in) >=(7*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(7*fs2)+rem23(l,n)  +  (res/2)  )  |  . .  . 

( sgn_f rq (n, m) >= ( 8 * f s2 ) +rem23 ( 1 , n) - ( res/2 )  & 
sgn_frq{n,m)<=(8*fs2)+rein23(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (0*fs2 ) +rem24  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(0*fs2)+rem24(l,n)  +  (res/2)  )  |  .  . . 
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(sgn_frq(n,in)  >=  {l*fs2)  +rein24  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=  (l*fs2)  +rein24  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in) >=  (2*f s2 )  +rem24  (l,n)  -  (res/ 2 )  & 
sgn_frq(n,in)<=(2*fs2)+rem24(l,n)  +  (res/2)  )  |  .  .  . 

{sgn_frq(n,m) >= (3*fs2) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rem24(l,n)  +  (res/2) )  |  , 

(sgn_frq(n,m) >= (4*fs2) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,in) <=  (4*fs2)  +rem24  (l,n)  +  (res/2)  )  |  . 

(sgn_frq(n,m) >= (5*f s2 ) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,in)  <=  (5*fs2)  +rem24  (1,  n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq{n,in)  >=  (6*fs2)  +rem24  (l,n)  -  (res/2)  & 
sgn_frq(n,in)  <=  (6*fs2)  +rem24  (1,  n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >= (7*fs2) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,in)  <=  (7*fs2)  +rein24  (1,  n)  +  (res/2 )  )  |  . 

(sgn_frq(n,m) >= (8*f s2) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,m) <=  (8*fs2)  +rein24  ( 1, n)  +  (res/2)  )  ) 

sgn_frq(n,in)  =sgn_frq(n,m)  ; 

else 

sgn_frq(n,in)  =-2  ; 
end 

end 

for  m=l:16 

if  sgn_frq(n,m)  >=0  &  sgn_frq(n,m)  <=8e9 
if  signall (n) ==-l 

signall (n) =sgn_frq(n,m) ; 
elseif  signal2 (n) ==-l  &  ... 

(sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res) 

signal2  (n)  =sgn_frq(n,m)  ; 
elseif  signal3 (n) ==-l  &  ... 

{sgn_frq(n,m)<=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

(sgn_frq(n,in)  <=signal2  (n)  -res  | 
sgn_frq(n,m) >=signal2 (n) +res) 

signal3  (n)  =sgn_frq(n,m)  ; 
elseif  signal4 (n) ==-l  &  ... 

(sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

(sgn_frq(n,in)  <=signal2  (n) -res  | 
sgn_frq(n,in)  >=signal2  (n) +res)  &  ... 

(sgn_frq(n,m)<=signal3 (n) -res  | 
sgn_frq(n,in)  >=signal3  (n)  +res) 

signal4  (n)  =sgn_frq(n*,m)  ; 

end 

end 

end 

%output 

format  short  e 

output = [ f_inputl 
f_input2 
f_input3 
f_input4 


72 


end 


signall 

signal2 

signals 

signal4] 


%crt_2  sf_5sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,._,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1) ,  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr , 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,.-.,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2+.  .  .+M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 

fsl=input ( 'Enter  the  first  sampling  frequency:');  %the  first 

sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:');  %the  second 

sampling  frequency  that  will  be  used 

res=input ( 'Enter  the  resolution (25,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) = f input 1; 
frequency  of  the  first  input  signal 
f_input2 (n) =f input2 ; 
frequency  of  the  second  input  signal 
f_input3 (n) =f inputs ; 
frequency  of  the  third  input  signal 
f_input4 (n) =f input 4 ; 
frequency  of  the  fourth  input  signal 
f__input5  (n)  =f  inputs  ; 
frequency  of  the  fifth  input  signal 

%simulation  part: finds  the  remainders  and  estimates  bin  numbers 
for  them 

modl=fsl/res; 

quotll(n)=fix(f_inputl(n) /fsl) ;  %first  quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl ;  %first  remainder  for 

sfl 

binll (n) =round (modi* (remll (n) /fsl) ) ;  %first  estimated  bin 

niomber  for  sfl 


%how  many 

%the 

%the 

%the 

%the 

%the 
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quotl2 (n) =fix(f_input2 (n) /fsl)  ;  %second  quotient  for 

sfl 

reml2 (n) =f_input2 (n) -quotl2 (n) *fsl;  %second  remainder  for 

sfl 

binl2 (n) =round(modl* (reml2 (n) /fsl) ) ;  %second  estimated  bin 

number  for  sfl 

quotl3 (n) =f ix(f_input3 (n) /f si)  ;  %third  quotient  for 

sfl,  signal3 

reml3 (n) =f_input3 (n) -quotl3 (n) *f si;  %third  remainder  for 

sfl,  signal3 

binl3 (n) =round(modl* (reml3 (n) /fsl) ) ;  %third  estimated  bin 

number  for  sfl,  signal3 

quotl4 (n) =fix{f_input4 (n) /fsl) ;  %fourth  quotient  for 

sfl,  signal4 

reml4 (n) =f_input4 (n) -quotl4 (n) *fsl;  %fourth  remainder  for 

sfl,  signal4 

binl4 (n) =round(modl* {reml4 (n) /fsl) ) ;  %fourth  estimated  bin 

number  for  sfl,  signal4 

quotlS (n) =fix(f_input5 (n) /fsl) ;  %fifth  quotient  for 

sfl,  signals 

remlS  (n)  =f__input5  (n) -quotlS  (n)  *fsl;  %fifth  remainder  for 

sfl,  signals 

binlS (n) =round{modl* (remlS (n) /fsl) ) ;  %fifth  estimated  bin 

niomber  for  sfl,  signals 

mod2=f s2/res; 

quot21 (n) =fix{f_inputl (n) /fs2) ;  %first  quotient  for  sf2 

rem21 (n) =f_inputl (n) -quot21 (n) *f s2 ;  %first  remainder  for  sf2 

bin21 (n) =round(mod2* (rem21 (n) /fs2) ) ;  %first  estimated  bin 
number  for  sf2 

quot22 (n) =fix(f_input2 (n) /fs2)  ;  %second  quotient  for  sf2 

rem22 (n) =f_input2 (n) -quot22 (n) *f s2 ;  %second  remainder  for  sf 2 
bin22 (n) =round(mod2* (rem22 (n) /fs2) )  ;  %second  estimated  bin 
number  for  sf2 

quot23 (n) =f ix(f_input3 (n) /fs2) ;  %third  quotient  for  sf2, 

signals 

rem23 (n) =f_input3 (n) -quot23 (n) *fs2;  %third  remainder  for  sf2, 
signals 

bin23  (n)  =ro\ind(mod2*  (rem23  (n)  /fs2)  )  ;  %third  estimated  bin 
number  for  sf 2 ,  signals 

quot24 (n) =fix(f_input4 (n) /fs2) ;  %fourth  quotient  for  sf2, 

signal 4 

rem24 (n) =f_input4 (n) “quot24 (n) *fs2 ;  %fourth  remainder  for  sf2, 
signal4 

bin24 (n) =round(mod2* {rem24 (n) /fs2) ) ;  %fourth  estimated  bin 
number  for  sf2,  signal4 
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%fourth  quotient  for  sf2. 


quot25 (n) =fix(f_input5 (n) /fs2)  ; 

signals 

rem25 (n) =f_input5 (n) -quot25 (n) *fs2 ;  %fourth  remainder  for  sf2, 

signals 

bin25 (n) =round(mod2* (rein25 (n) /fs2 )  )  ;  %fourth  estimated  bin 
niamber  for  sf2,  signals 

%iteration  part;  calculates  bi's,  which 
"sgn_bin” 

M=modl *mod2 ; 
that  is  defined  in  CRT 
bl=0; 

find  in  order  to  solve  for  real  frequency 
while  mod ( (M/modl ) *bl ,  modi ) ~=1 
bl=bl+l; 

end 
b2=0; 

find  in  order  to  solve  for  real  frequency 
while  mod ( {M/mod2 ) *b2 , mod2 ) ~=1 
b2=b2+l; 

end 

%calculation  of  possible  signal  frequencies 
sgn_bin (n, 2S) =0;  %signal  in  terms  of  bin  numbers 

sgn_bin(n,  1)  = (M/modl) *binll (n) *bl+ (M/mod2 ) *bin21 (n) *b2; 
sgn_bin(n,  2)  = (M/modl) *binll (n) *bl+ (M/mod2 ) *bin22 (n) *b2 ; 
sgn_bin(n,3)  = (M/modl) *binll (n) *bl+ (M/mod2 ) *bin23 (n)*b2; 
sgn_bin(n,  4)  = (M/modl) *binll (n) *bl+ (M/mod2) *bin24 (n) *b2; 
sgn_bin(n,S)  = (M/modl) *binll(n) *bl+ (M/mod2 ) *bin25 (n) *b2; 
sgn_bin(n,  6)  =  (M/piodl )  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2; 
sgn_bin  (n,  7 )  = (M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2 ; 
sgn_bin(n,  8)  = (M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin23 (n) *b2 ; 
sgn_bin(n,  9)  = (M/modl) *binl2 (n) *bl+ (M/mod2) *bin24 (n) *b2 ; 
sgn_bin(n,  10)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2; 
sgn_bin(n,  11)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2  ; 
sgn_bin(n,  12)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2 ; 
sgn_bin  (n,  13 )  =  (M/modl )  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin  (n,  14)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2  ; 
sgn_bin(n,  IS)  =  (M/modl )  *binl3  (n)  *bl+ (M/mod2 )  *bin25  (n)  *b2; 
sgn_bin(n,  16)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2; 
sgn_bin(n,  17)  =  (M/modl )  *binl4  (n)  *bl+ (M/mod2 )  *bin22  (n)  *b2; 
sgn_bin(n,  18)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2; 
sgn_bin  (n,  19)  =  (M/modl )  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2  ; 
sgn_bin(n,  20)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2  ; 
sgn_bin (n,  21)  =  (M/modl)  *binlS  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2  ; 
sgn_bin  (n,  22 )  =  (M/modl )  *binlS  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2  ; 
sgn_bin  (n ,  23 )  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2  ; 
sgn_bin(n,  24)  =  (M/modl)  *binlS  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2  ; 
sgn_bin  (n,  25)  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2  ; 
sgn_bin=mod(sgn_bin,M)  ;  %real  frequency  in  terms  of  bin  numbers 
sgn_frq=sgn_bin*res;  %real  frequency  in  terms  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 


are  necessary  to  find 
%M  is  an  integer 
% integer  we  have  to 

% integer  we  have  to 
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%  first,  check  whether  the  "sgn__frq"  is  in  the  correct  range  (1-8 

GHz) 

%  second,  check  1) whether  the  "signal"  is  empty  and, 

%  2)  if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one{s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal". 

signall  (n)  =-l;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 
signals (n) =-l; 
signal4 (n) =-l; 
signals (n) =-l; 

for  m=l:25 

if  sgn_frq(n,m)  >=0  &  sgn_frq{n,m) <=8e9 
sgn_frq(n,m)  =sgn_frq(n,m)  ; 

else 

sgn_frq(n,m) =-2; 

end 

end 

for  m=l:25 

if  (  (sgn_frq(n,m) >=  {0*fsl) +remll  (l,n)  ~  (res/2 )  & 
sgn_frq(n,m) <= (0*fsl) +remll (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= {l*fsl) +remll (1 ,n) - (res/2 )  & 
sgn__frq(n,m)<=  (l*fsl)  +remll  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq{n,m) >=  (2*fsl)  +remll  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<= (2*fsl) +remll {l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (3*fsl) +remll (l,n) - {res/2)  & 
sgn_frq(n,m) <= (3*fsl) +remll {l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (4*fsl) +remll {l,n) - {res/2)  & 
sgn_frq(n,m) <= (4*fsl) +remll (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)  >=  (5*f si)  +remll  (1 ,  n)  -  (res/2 )  & 
sgn_frq(n,m)<={5*fsl)+remll(l,n)+(res/2) )  | . . . 

{sgn_frq(n,m)  >=  {6*f si)  +remll  (l,n)  -  (res/2')  & 
sgn_frq(n,m)<=(6*fsl)+remll{l,n)+ (res/2) )  | . . . 

(sgn_frq{n,m)  >=  (7*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq{n,m)  <= (7*f si) +remll {l,n)  +  (res/ 2 ) )  | . . . 

(sgn_frq{n,m)  >=  (8*fsl)  +remll  {l,n)  -  (res/2)  & 
sgn_frq(n,m)  <= (8*fsl) +remll (l,n)  +  (res/2) )  | . . . 

(sgn_frq(n,m)  >=  ( 0*f si)  +reml2  (1,  n)  -  (res/2 )  & 
sgn_frq(n,m)  <= (0*fsl) +reml2 (l,n)  +  (res/2) )  | . . . 

(sgn_frq(n,m)  >=  ('l*f si)  +reml2  {l,n)  -  (res/2)  & 
sgn_frq(n,m)  <= {l*fsl) +reml2 (1 , n)  +  (res/2 ) )  | . . . 

{sgn_frq(n,m)  >=  {2*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (2*f si) +reml2 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= {3*f si) +reml2 (l,n) - {res/2 )  & 
sgn„frq(n,m)<=(3*fsl)+reml2{l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>=(4*fsl)+reml2  (l,n)  -{res/2)  & 
sgn_frq{n,m)  <= (4*fsl) +reml2 {l,n)  +  (res/2) )  | . . . 

{sgn_frq(n,m)  >=  (5*f si)  +reml2  (l,n)  -  (res/ 2)  & 
sgn_frq(n,m) <= {5*fsl) +reml2 (l,n) + (res/2) )  | . . . 
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(sgn_frg(n,in)  >=  (6*fsl)  +reinl2  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<={6*fsl)+reml2{l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m)>=(7*fsl)+reml2(l,n) -(res/2)  & 
sgn_frq(n,m)<=(7*fsl)+reinl2(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,in)>=(8*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fsl)+reml2 (l,n)+(res/2) )  | . . . 

(sgn_frq(n,in)  >=  (0*fsl)  +reml3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml3(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)>=(l*fsl)+reinl3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+reml3 (l,n)  +  (res/2) )  | . . . 

(sgn_frq(n,in)>=(2*fsl)+reml3(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml3 (l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(3*fsl)+reral3(l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (3*fsl) +reml3 (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)  >=  (4*fsl) +reml3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml3 (l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m) >= (5*f si) +reml3 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fsl)+reml3 (l,n)  +  (res/2) )  | . . . 

(sgn_frq(n,m) >= (6*fsl) +reml3 (l,n) - (res/2)  & 
sgn_f rq(n,in)<=(6*f si) +reml3  (l,n)  +  (res/2) )  j  .  . . 

(sgn_frq(n,in)  >=  (7*f si) +reinl3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fsl)+reml3 (l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(8*fsl)+reml3 (l,n) - (res/2)  & 
sgii_frq(n,m)<=(8*fsl)+reml3(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)  >=  (0*f  si) +reinl4  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(0*fsl)+reml4(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(l*fsl)+reml4(l,n) -(res/2)  & 
sgn_frq(n,in)<=(l*fsl)+reml4(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)  >= (2*f si) +reml4 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml4(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,in)>=(3*fsl)+reml4(l,n)  -(res/2)  & 
sgn_frq(n,m)<=(3*fsl)+reml4(l,n)  +  (res/2) )  |  .  . . 

( sgn_frq(n,in)>=(4*f si )+reml4(l,n) -(res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml4(l,n)+(res/2) )  | . . . 

(sgn_frq(n,in)>=(5*fsl)+reml4(l,n) -(res/2)  & 
sgn_frq(n,in)<=(5*fsl)+reml4(l,n)  + (res/2) )  | . . . 

( sgn_frq(n,in)>=(6*f si )+reml4(l,n) -(res/2)  & 
sgn_frq(n,m)<=(6*fsl)+reinl4(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(7*fsl)+reml4(l,n) -(res/2)  & 
sgn_frq(n,ro)<=(7*fsl)+reinl4(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)>= (8*f si) +reml4(l,n) -(res/2)  & 
sgn_frq(n,m)<=(8*fsl)+reml4(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(0*fsl)+reml5(l,n) -(res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml5(l,n)+(res/2) )  | . . . 

(sgn_frq(n,in) >= (l*fsl) +reml5 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(l*fsl)+reml5(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>=(2*fsl)+reml5(l,n) -(res/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml5(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)>=(3*fsl)+reml5(l,n) -(res/2)  & 
sgn_frq(n,m)<=(3*fsl)+reml5(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(4*fsl)+reinl5(l,n)- (res/2)  & 
sgn_frq(n,m)<= (4*fsl) +reml5 (l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)>=  (5*fsl) +reinl5  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (5*fsl) +reml5 (l,n)  +  (res/2) )  |  . . . 
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(sgn_frq{n,m) >= {6*f si) +reml5 (1, n) - (res/ 2)  & 
sgn_frq(n,m) <= {6*f si) +reml5 (1, n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m) >= (7*f si) +reml5 (1 ,n) - (res/2 )  & 
sgn_frq(n,in)  <=  (7*fsl)  +reinl5  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (8*fsl) +reml5 (1 , n) - (res/2 )  & 
sgn_frq(n,m) <=  (8*fsl)  +reinl5  {l,n)  +  (res/2)  )  ) 

sgn_frq(n,m)  =sgn_frq(n,m)  ; 
else 

sgn_frq(n,m) =-2; 
end  . 

end 

for  in=l:25 

if  (  (sgn_frq(n,m)  >=  (0*fs2 ) +rem21  (l,n)  -  (res/2 )  & 

sgn_frq(n,m) <= (0*fs2 ) +rem21 (1, n)  +  (res/2 ) )  |  .  .  . 

{sgn_frq(n,m) >= {l*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(l*fs2)+rein21(l,n)  +  ( res/2) )  |  , 

(sgn_frq(n,m)  >=  (2*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(2*fs2)+rem21(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*fs2)  +rein21  (r,n)  ~  (res/2)  & 
sgn_frq(n,in) <=  (3*fs2)  +rein21  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=  (4*fs2)  +rein21  (l,n)  +  (res/2)  )  |  , 

(sgn_frq(n,m)  >=  (5*f s2 )  +rein21  (l,n)  -  (res/2 )  & 
sgn_f rq(n,in) <=  (5*fs2)  +rem21  (l,n)  +  (res/2)  )  |  .  .  • 

(sgn_frq(n,m) >= (6*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m) <=  (6*fs2)  +rein21  ( l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)  >=  (7*fs2)  +rem2i  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (7*fs2)  +rein21  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in) >=  (8*fs2) +rem21  (l,n)  ~(res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (0*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m) <=  (0*fs2) +rein22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq (n,in)  >=  (l*f s2 )  +rem22  (l,n)  -  (res/2 )  & 
sgn_frq(n,in)  <=  (l*fs2)  +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (2*f s2 )  +rem22  (1  ,n)  -  (res/2 )  & 
sgn_frq(n,m) <= (2*f s2) +rem22 (1, n)  +  (res/ 2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*fs2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (3*fs2)  +rein22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fs2 )  +rem22  (1,  n)  -  (res/2 )  & 
sgn_frq(n,m)<= (4*fs2) +rem22 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,m)  >=  (5*fs2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (5*fs2)  +rein22  (l,n)  +  (res/2)  )  |.., 

(sgn_frq(n,m)  >=  (6*fs2 )  +rem22  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(6*fs2)+rem22 (l,n)  +  (res/2) )  ( . .  . 

{sgn_frq(n,m)  >=  (7*fs2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,in) <=  (7*fs2)  +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in) >=  (8*fs2)  +rem22  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(8*fs2)+rein22(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)>=  (0*fs2)  +rein23  (l,n)  -  (res/2)  & 
sgn_frq(n,in) <=  (0*fs2)  +rein23  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn__frq(n,m)  >=  (l*fs2 ) +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=  (l*fs2)  +rem23  (l,n)  +  (res/2)  )  |  . 
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(sgn_frg(n,in)>=(2*fs2)+rem23  (l.n)  -  (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem23(l,n)+(res/2) )  | . . . 

{sgn_frq(n,m)>=(3*fs2)+rem23 (l,n) - {res/2)  & 
sgn_frq(n,in) <=  (3*fs2)  +reiti23  (l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,in)  >=  (4*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem23(l,n)+{res/2) )  | . . . 

(sgn_frq(n,in) >= (5*fs2) +rem23 (l.n) - (res/2)  & 
sgn_frq(n,in)<=(5*fs2)+reiti23(l,n)  + (res/2)  )  |  .  .  . 

(sgn_frq(n,m)>={6*fs2)+rem23 (l.n) -{res/2)  & 
sgn_frq(n,in)<={6*fs2)+rem23(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n.m)>={7*fs2)+rem23 (l.n) - {res/2)  & 
sgn_frq(n.m)<=(7*fs2)+rem23{l.n)+(res/2) )  | . . . 

(sgn_frq(n.m)>={8*fs2)+rem23 (l.n) -{res/2)  & 
sgn_frq(n,in)<=(8*fs2)+rem23{l.n)  +  (res/2)  )  |  . .  . 

(sgn_frq(n.m)  >=  {0*f  s2 )  +rein24  (l.n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem24(l.n)+ {res/2) )  | . . . 

(sgn_frq(n.m)>=(l*fs2) +rem24 (l.n) - {res/2)  & 
sgn_frq(n,in)<=(l*fs2)+rem24 (l.n)  +  (res/2) )  |  . .  . 

{sgn_frq(n.m)>=(2*fs2)+rem24 (l.n) - (res/2)  & 
sgn_frq{n.m)<=(2*fs2)+rem24(l.n)  +  (res/2) )  | . . . 

(sgn_frq(n.m)>={3*fs2)+rem24(l.n) -(res/2)  & 
sgn_frq(n.m)<=(3*fs2)+rem24(l.n)+(res/2) )  |... 

{sgn_frq(n.m)>={4*fs2)+rem24{l.n) -(res/2)  & 
sgn_frq(n.m)<=(4*fs2)+rem24(l.n)+ (res/2) )  | . . . 

(sgn_frq(n.m)>={5'*fs2)+rem24(l.n)  -(res/2)  & 
sgn_frq(n.m)<=(5*fs2)+rera24(l.n)  + (res/2) )  |  . . . 

(sgn_frq(n.m)>={6*fs2)+rem24(l.n) -(res/2)  & 
sgn_frq(n.in)<=(6*fs2)+rem24(l.n)  + (res/2)  )  |  .  .  . 

(sgn_frq(n.m)>=(7*fs2)+rem24 (l.n) -(res/2)  & 
sgn_frq(n.m)<=(7*fs2)+rem24(l,n)+ (res/2) )  | . . . 

(sgn_frq(n.ni)>=(8*fs2)+rem24(l.n)  -(res/2)  & 
sgn_frq{n.in)<=(8*fs2)+rem24(l.n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n.in)>={0*fs2)+rem25(l,n)  -  (res/2)  & 
sgn_frq(n.m) <= (0*fs2) +rem25 (l.n)  +  (res/2 ) )  | . . . 

(sgn_frq(n.m)>=(l*fs2)+rem25{l.n) -(res/2)  & 
sgn_frq(n.in)<=(l*fs2)+rem25(l,n)  +  {res/2) )  |  .  .  . 

(sgn_frq(n.m)>=(2*fs2)  +rerti25  (l.n)  -  (res/2)  & 
sgn_frq(n.m)<=(2*fs2)+rem25(l,n)+(res/2) )  | . . . 

{sgn_frq(n.m)>=  (3*fs2)  +rein25  (l.n)  -  (res/2)  & 
sgn_frq(n.m)<=(3*fs2)+rem25(l,n)+(res/2) )  | . . . 

(sgn_frq{n.m)  >=  (4*fs2)  +rein25  (l.n)  -  (res/2)  & 
sgn_frq(n.m)<=(4*fs2)+rem25(l,n)+(res/2) )  | . . . 

(sgn_frq{n.in)>=(5*fs2)  +rem25  (l.n)  -  (res/2)  & 
sgn_frq(n.in)<=(5*fs2)+rem25(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq{n.m)>=  (6*fs2)  +rein25  (l.n)  -  (res/2)  & 
sgn_frq(n.in)<=(6*fs2)+rein25(l.n)  +  (res/2) )  |  .  . . 

(sgn_frq(n.m)>=(7*fs2) +rem25 (l.n) - {res/2)  & 
sgn_frq(n.in)<=(7*fs2)+rem25{l.n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n.m)>={8*fs2)  +rem25  (l.n)  -  (res/2)  & 
sgn_frq(n.m)<=(8*fs2)+rein25(l.n)  + (res/2)  )  ) 

sgn_frq(n.m) =sgn_frq(n.m) ; 
else 

sgn_frq(n.in)  =-2; 

end 
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end 


for  m=l:25 

if  sgn_frq(n,m)  >=0  &  sgn_frq(n,in)  <=8e9 
if  signall (n) ==~1 

signall (n) =sgn_frq(n,m)  ; 
elseif  signal2 (n) ==-l  &  ... 

(sgn_frq(n,m)  <=signall  (n)  -res 
sgn_frq(n,in)  >=signall  (n)  +res) 

signal2  (n)  =sgn_frq{n,in)  ; 
elseif  signals (n) ==-l  &  ... 

{sgn_frq(n,m)  <=signall  (n)  -res 
sgn_frq{n,in)  >=signall  (n) +res)  &  ... 

{sgn_frq(n,m)<=signal2  (n)  -res 
sgn_frq(n,in)  >=signal2  (n)  +res) 

signals  (n)  =sgn_frq{n,in)  ; 
elseif  signal4 (n) =~-l  &  ... 

{sgn_frq(n,m)<=signall  (n)  -res 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

(sgn_frq(n,m)<=signal2  (n)  -res 
sgn__frq(n,m)  >=signal2  (n)  +res)  &  ... 

{sgn_frq(n,in)<=signalS  (n)  -res 
sgn_frq(n,m) >=signalS (n) +res) 

signal4 (n) =sgn_frq(n,m)  ; 
elseif  signals (n) ==-l  &  ... 

(sgn_frq{n,m)  <=signall  (n)  -res 
sgn_frq(n,in)  >=signall  (n) +res)  &  ... 

(sgn_frq{n,m)  <=signal2  (n)  -res 
sgn_frq(n,in)  >=signal2  (n) +res)  &  ... 

(sgn_frq(n,in)  <=signalS  (n)  -res 
sgn_f  rq(n,in)  >=signalS  (n) +res)  &  ... 

(sgn__frq(n,m)<=signal4  (n)  -res 
sgn_frq{n,m) >=signal4 (n) +res) 

signals  (n)  =sgn_frq(n,in)  ; 

end 

end 

end 

%output 

format  short  e 

output = [ f_inputl 
f_input2 
f_inputS 
f_input4 
f_inputS 
signall 
signal2 
signals 
signal4 
signals] 

end 

end 
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%crt_3sf_lsgn.m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,,..,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1),  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f  =M/ml*al*bi+M/m2*a2*b2+ .  .  . +M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 

fsl=input ( 'Enter  the  first  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

fs3=input ( 'Enter  the  third  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

res=input ( 'Enter  the  resolution (25 ,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

many  debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) =finputl; 
frequency  of  the  first  input  signal 

%simulation  part:  finds  the  remainders  and  estimates 
for  them 

modl=f sl/res; 

first  sampling  frequency  in  terms  of  bins 
quotl (n) =fix(f_input (n) /fsl) ; 
reml  (n)  =f_input  (n)  -quotl  (n)  *fsl  ; 
remainder 

binl  (n)  =round(modl*  (reml  (n)  /fsl) )  ; 
bin  number  for  remainder 1 


%the  first 
%the  second 
%the  third 

%how 

%the 

bin  numbers 

%modl  is 

%quotient 
%the  first 

%estimated 


mod2=f s2/res; 

second  sampling  frquency  in  terms  of  bins 
quot2 (n) =fix(f_input (n) /fs2)  ; 
rem2 (n) =f_input (n) -quot2 (n) *f s2  ; 
remainder 

bin2 (n) =round(mod2* (rem2 (n) /fs2) )  ; 
bin  number  for  remainder2 


%mod2  is 

%quotient 
%the  second 

%estimated 


mod3=f s3/res; 

third  sampling  frquency  in  terms  of  bins 
quot3 (n) =fix(f_input (n) /fs3)  ; 
rem3 (n) =f_input (n) -quot3 (n) *fs3; 
remainder 

bin3  (n)  =round(mod3*  (rem3  (n)  /fs3)  )  ; 
bin  number  for  remainder 3 


%mod3  is 

%quotient 
%the  third 

%estimated 
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%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2*inod3;  %M  is  an  integer  that  is  defined  in 

CRT 

bl=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod {  (M/modl)  *bl, modi) -=1; 
bl=bl+l; 

end 

b2=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod{  (M/mod2 )  *b2  ,mod2) --=1; 
b2=b2+l; 

end 

b3=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod{  {M/mod3)  *b3,mod3 )*-=!; 
b3=b3+l; 

end 

%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn__bin{n)  =0;  %signal  in  terms  of  bin  numbers 

sgn_bin  (n)  =  (M/modl)  *binl  (n)  *bl+  {M/mod2)  *bin2  (n)  *b2+  (M/mod3)  *bin3  (n)  * 

b3; 

scrn_bin=mod{sgn_bin,M)  ;  %real  frequency  in  terms  of  bin 

numbers 

%correct  some  erroneous  results  occur  for  10  MHz  resolution 
if  sgn_bin(n) >892700 . 5  &  sgn_bin (n) <893500 . 5 
sgn_bin(n) =sgn_bin{n) -892700.5  ; 
elseif  sgn_bin (n) >641999 . 5  &  sgn_bin (n) <642799 . 5 
sgn_bin(n)  =sgn_bin  (n)  -641999 . 5  ; 
elseif  sgn_bin{n)>460100.5  &  sgn_bin (n) <460900 . 5 
sgn_bin(n)  =sgn_bin(n)  -460100 .5  ; 
elseif  sgn_bin (n) >432600 . 5  &  sgn_bin (n) <433400 . 5 
sgn_bin(n)  =sgn__bin{n)  -432600.5  ; 
elseif  sgn_bin(n) >209399. 5  &  sgn_bin (n) <210199 . 5 
sgn_bin(n)  =sgn_bin(n)  -209399.5  ; 

end 

sgn_frq=sgn_bin*res;  %signal  in  terms  of  frequency 

%output 

format  short  e 
output = [f_input 
sgn_frq] 

end 
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%cr t_3  s  f _2  sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  (‘'=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1),  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2+ .  .  . +M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 

fsl=input { 'Enter  the  first  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

fs3=input { 'Enter  the  third  sampling  frequency:'); 

sampling  frequency  that  will  be  used 

res=input( 'Enter  the  resolution (25,  10,  5  MHz):'); 

%the  resolution  that  will  be  used 
itr=50; 

many  debugging  tries  that  will  be  made 
f input 

for  n=l:itr 


%the  first 
%the  second 
%the  third 


%how 


f_inputl (n) = f input 1;  %the 

frequency  of  the  first  input  signal 

f_input2 (n) =finput2;  %the 

frequency  of  the  second  input  signal 

%simulation  part: finds  the  remainders  and  estimates  bin  numbers 
for  them 

modl=fsl/res;  %modl  is 

first  sampling  frequency  in  terms  of  bins 

quotll (n) =fix(f_inputl (n) /fsl)  ;  %first 

quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl;  %first 

remainder  for  sfl 

binll (n) =round(modl* (remll (n) /fsl)  )  ;  %first 

estimated  bin  number  for  sfl 


quotl2 (n) =fix(f_input2 (n) /fsl) ;  %second 

quotient  for  sfl 

reml2 (n) =f_input2 (n) -quotl2 (n) *fsl;  %second 

remainder  for  sfl 

binl2 (n) =round(modl* (reml2 (n) /fsl) )  ;  %second 

estimated  bin  niomber  for  sfl 


mod2=fs2/res;  %mod2  is 

second  sampling  frequency  in  terms  of  bins 

quot21 (n) =f ix( f_inputl (n) /fs2) ;  %first 

quotient  for  sf2 
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%first 


rem21 (n) =f_inputl (n) -quot21 (n) *f s2 ; 
remainder  for  sf2 

bin21 (n) =round(mod2* {rem21 (n) /fs2) ) ;  %first 

estimated  bin  number  for  sf2 


quot22 (n) =fix(f_input2 (n) /fs2) ; 
quotient  for  sf2 

rem22 (n) =f_input2 (n) -quot22 (n) *f s2 ; 
remainder  for  sf2 

bin22 (n) =round(mod2* (rem22 (n) /fs2) ) ; 
estimated  bin  number  for  sf2 


% second 
%second 
%second 


mod3=fs3/res; 

third  sampling  frequency  in  terms  of  bins 
quot31  (n)  =f ix(f_inputl  (n)  /fs3)  ; 
quotient  for  sf3 

rem31 (n) =f_inputl (n) -quot31 (n) *f s3 ; 
remainder  for  sf3 

bin31 (n) =round(mod3* (rem31 (n) /fs3) ) ;  . 
estimated  bin  number  for  sf3 


%mod3  is 
%first 
%first 
%first 


quot32 (n)=fix(f_input2 (n) /fs3) ; 
quotient  for  sf3 

rem32 (n) =f_input2 (n) -quot32 (n) *f s3 ; 
remainder  for  sf3 

bin32 (n) =round(mod3* (rem32 (n) /fs3) ) ; 
estimated  bin  number  for  sf3 


% second 
% second 
% second 


%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2*mod3 ;  %M  is  an  integer  that  is  defined  in 

CRT 

bl=0;  % integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod { (M/modl) *bl, modi) -=l; 
bl=bl+l; 

end 

b2=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod  {  (M/mod2 )  *b2 ,  mod2 )  ; 

b2=b2+l; 

end 

b3=0;  % integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod(  (M/mod3)  *b3  ,mod3) '-=1; 
b3=b3+l; 

end 


%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn_bin  (n,  8)  =0;  %signal  in  terms  of  bin  numbers 

sgn__bin (n,  1)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin3 
l(n)*b3; 
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sgn_bin  (n,  2 )  =  (M/modl )  *binll  (n)  *bl+  {M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin3 
2 (n) *b3; 

sgn_bin  (n,  3)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin3 
1 (n) *b3; 

sgn_bin(n,  4)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin3 
2 (n) *b3; 

sgn_bin(n,  5)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin3 
1 (n) *b3; 

sgn_bin  (n,  6 )  =  (M/modl )  *binl2  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin3 
2 (n) *b3; 

sgn_bin  (n,  7 )  =  (M/modl )  *binl2  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin3 
l(n) *b3; 

sgn_bin  (n,  8 )  =  (M/modl )  *binl2  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin3 
2 (n) *b3; 

sgn_bin=mod(sgn_bin,M) ;  %real  frequency  in  terms  of  bin  niombers 

%correct  some  erroneous  results  occur  for  10  MHz  resolution 
if  sgn_bin(n) >892700. 5  &  sgn_bin(n) <893500 .5 
sgn_bin(n)=sgn_bin(n) -892700.5  ; 
elseif  sgn_bin(n) >641999. 5  &  sgn_bin (n) <642799 . 5 
sgn_bin (n) =sgn_bin (n) -641999 . 5  ; 
elseif  sgn_bin(n) >460100 . 5  &  sgn_bin(n) <460900 . 5 
sgn_bin(n) =sgn_bin(n) -460100.5  ; 
elseif  sgn_bin(n) >432600. 5  &  sgn_bin (n) <433400 . 5 
sgn_bin(n)=sgn_bin(n) -432600. 5  ; 
elseif  sgn_bin(n) >209399. 5  &  sgn_bin(n) <210199 . 5 
sgn_bin ( n ) = sgn_bin (n)-209399.5  ; 

end 

^^5“Sgn_bin*res ;  %real  frequency  in  terms  of  frequency 

%  ®stimation  part:  estimates  whicli  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

%  first,  chec)c  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

GHz ) 

%  second,  chec)c  1) whether  the  "signal"  is  empty  and, 

%  2)  if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one(s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal" 

for  m=l:8 

if  sgn_frq(n,m) >=0  &  sgn_frq(n,m) <=8e9 
sgn_frq(n,m) =sgn_frq(n,m) ; 
else 

sgn_frq(n,m)=-2; 

end 

end 
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for  m=l:8 

if  (  (sgn_frQ(n/m) >= (0*f si) +remll (l,n) - (res/2)  & 

sgn_frq(n,in) <=  (0*f si)  +reinll  (1  ,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq{n,in)  >=  (l*f si)  +reinll  { l,n)  -  {res/2 )  & 
sgn_frq{n,in)  <=  {l*f si)  +reinll  {l,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq{n,m)  >=  {2*fsl)  +reinli  {l,n)  -  {res/2)  & 
sgn_frq{n,in)<={2*fsl)+remll{l,n)  +  {res/2)  )  |  .  .  . 

{sgn_frq{n,m)  >=  {3*fsl)  +reinll  {l,n)  -  {res/2)  & 
sgn_frq{n/m) <= {3*fsl) +remll {l,n) + {res/2) )  | . . . 

( sgn_f rq{n,m)  >=  {4*fsl)  +reinli  {l,n)  -  {res/2)  & 
sgn_frq{n,m) <= {4*fsl) +remll {l,n) + {res/ 2) )  | • 

{sgn_frq{n,m) >= {5*fsl) +remli {l,n) - {res/2)  & 
sgn_frq{n,m)  <=  {5*fsl)  +reinll  (l,n)  +  {res/2) )  |  . 

(sgn_frq{n,m) >= {6*fsl) +remli {l,n) - {res/2)  & 
sgn_frq{n,m) <= {6*f si) +remll { 1 , n) + {res/2 ) )  | . . . 

(sgn_frq{n,ra)  >=  {7*fsl)  +reinli  {l,n)  -  {res/2)  & 
sgn_frq{n,m) <= {7*fsl) +remll {l,n) + {res/2) )  | . . . 

(sgn_frq{n,m) >= {8*fsl) +remli {l,n) - {res/2)  & 
sgn_frq{n,m) <= {8*fsl) +remll {l,n) + {res/2) )  | . . . 

(sgn_frq{n,m)>= {0*fsl) +reml2 {1/n) - {res/2)  & 
sgn_frq(n,m) <= {0*fsl) +reml2 (I/H) + (res/2) )  | . . . 

(sgn_frq{n,m) >= {l*fsl) +reml2 {l,n) - (res/2)  & 
sgn_frq{n,m) <= {l*fsl) +reml2 {l,n) + {res/2) )  | . . . 

(sgn_frq{n,m) >= {2*f si) +reml2 (1 ,n) - (res/2 )  & 
sgn_frq(n,m) <= {2*f si) +reml2 {l,n) + {res/2) )  | . . . 

(sgn__frq{n,m)  >=  {3*f  si)  +reml2  (1  ,n)  -  (res/2 )  & 
sgn_frq{n,in) <=  {3*f si)  +reinl2  {l,n)  +  {res/2)  )  |..- 

{sgn_frq{n,m) >= {4*fsl) +reml2 {l,n) - (res/2)  & 
sgn_frq{n,m) <= {4*f si) +reml2 {l,n) + {res/2) )  | . . . 

{sgn_frq{n,m) >= {5*fsl) +reml2 {l,n) - (res/2)  & 
sgn_frq{n,m) <= {5*fsl) +reml2 (l,n) + {res/2) )  | . . . 

( sgn_f rq (n, m) >= {6*fsl) +reml2 {l,n) - (res/ 2 )  & 
sgn_frq{n,m)  <=  {6*f si)  +reinl2  (1 , n)  +  {res/2 )  )  |  .  .  . 

{sgn_frq{n,m) >= {7*f si) +reml2 (1 ,n) - (res/2 )  & 

sgn_frq{n,m)  <=  {7*f si)  +reinl2  (1  ,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq{n,m) >= {8*fsl) +reml2 {l,n) - (res/2)  & 
sgn_f rq (n, m) <=  {8*fsl)  +reinl2  {l,n)  +  {res/2)  )  ) 

sgn_frq{n,m)  =sgn_frq{n,in)  ; 

else 

sgn_frq{n,m)=-2; 

end 

end 

for  m=l:8 

if  {  {sgn_frq{n,in)>={0*fs2)+rem21{l,n)-(res/2)  & 

sgn_frq{n,in) <=  {0*f s2)  +rein21  (1  ,n)  +  {res/2 )  )  !-.• 

(sgn_frq{n,m)  >=  {l*f s2 )  +rem2i  (l,n)  -  {res/2 )  & 
sgn_frq{n,in) <=  {l*fs2)  +rem21  (l,n)  +  {res/2)  )  |  • 

{sgn_frq{n,m) >=  {2*fs2)  +rein21  {l,n)  -  {res/2)  & 
sgn_frq{n,in) <=  {2*fs2)  +rein21  {l,n)  +  {res/2)  )  ]••• 

{sgn_frq{n,in)  >=  {3*fs2)  +rein2i  {l,n)  -  {res/2)  & 
sgn_frq{n,m) <= {3*fs2) +rem21 {l,n) + {res/2) )  1 • • - 
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(sgn_frq(n,in)>=(4*fs2)+rem21(l,n)  -(res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(5*fs2)+rem21(l,n) -(res/2)  & 
sgn_frq(n,in)<=(5*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)  >=  (6*fs2 )  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs2)+rein21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(7*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (8*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem21(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>=  (0*fs2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+reni22(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(l*fs2)+rem22 (l,n)- (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem22(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (2*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem22(l,n)+(res/2) )  |... 

(sgn_frq(n,in)  >=  (3*fs2)+rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rem22(l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,m)>= (4*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem22(l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>=  (5*fs2)  +rem22  (l,n)  -  (res/2')  & 
sgn_frq(n,m)<=(5*fs2)+rem22(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(6*fs2)+rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(6*fs2)+rem22(l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)>=(7*fs2) +rem22 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rein22(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (8*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem22(l,n)+ (res/2) )  ) 

sgn_frq(n,m) =sgn_frq(n,m) ; 

else 

sgn_frq(n,m) =-2 ; 

end 

end 

for  m=l:8 

if  (  (sgn_frq(n,in)  >=  (0*fs3) +rem31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs3)+rem31(l,n)  +  (res/2) )  ( .  .  . 

(sgn_frq(n,in)>=  (l*fs3)  +rem31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (2*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs3)+rein31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (3*fs3)  +rem31  (l,n)  -  (res/2)  & 

sgn_frq(n,in)<=(3*fs3)+rem31(l,n)  +  (res/2) )  | _ 

(sgn_frq(n,m) >= (4*fs3 ) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=  (5*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(5*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(6*fs3)  +rein31(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs3)+rein31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(7*fs3)  +rem31  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(7*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=  (8*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 
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(sgn_frq(n,m)  >=  (0*fs3)  +rem32  (l,n)  --  (res/2)  & 
sgn_frq  (n,m)  <=  (0*fs3 )  +rem32  (1  ,n)  +  (res/2 )  )  |  .  . . 

(sgn_frq(n,m) >= (l*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq  (n,m)  <=  (l*f  s3 )  +rein32  (1 ,  n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m) >= (2*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,m) <=  (2*f s3 )  +rem32  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (3*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem32  (1 , n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,in)  >=  (4*fs3)  +rein32  (l,n)  ~  (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rem32(l,n)  + (res/2) )  |  .  .  . 

{sgn_frq(n,m)>=  (5*fs3)  +rein32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (5*fs3 )  +rem32  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m)>=  (6*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (6*fs3 )  +rem32  (l,n)  +  (res/ 2)  )  |  .  .  . 

(sgn_frq(n,in)>=  (7*fs3)+rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rein32(l,n)  +  (res/2)  )  |  , 

(sgn_frq(n,m)  >=  (8*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (8*fs3 )  +rem32  (l,n)  +  (res/2 )  )  ) 

sgn_frq(n,in)  =sgn_frq(n,m)  ; 

else 

sgn_frq(n,m)  =-2; 

end 

end 

signall (n) =~1;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 

for  m=l : 8 

if  sgn_frq(n,m) >=0  &  sgn_frq(n,m) <=8e9 
if  signall (n) ==-l 

signall (n) =sgn_frq{n,m) ; 
elseif  signal2  (n)  ==*“1  &  ... 

(sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq(n,m)  >=signall  (n)  +res) 

signal2  (n)  =sgn_frq(n,m)  ; 
end 

end 

end 

%output 

format  short  e 

output= [ f_inputl 
f_input2 
signall 
signal2] 

end 


%  cr  t_3  s  f  _3  sgn .  m 

%This  program  implements  the  Chinese  Remainder  Theorem 
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%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  (”=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1),  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* . . .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,,..,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2+»  .  .+M/inr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 


fsl=input ( 'Enter  the  first  sampling  frequency:');  %the 

first  sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:');  %the 

second  sampling  frequency  that  will  be  used 

fs3=input ( 'Enter  the  third  sampling  frequency:');  %the 

third  sampling  frequency  that  will  be  used 

res=input  ( 'Enter  the  resolution  (25,  10,  5  MHz):');  %the 

resolution  that  will  be  used 

itr=50;  %how 

many  debugging  tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) =f input 1;  %the 

frequency  of  the  first  input  signal 

f_input2 (n) =f input2 ;  %the 

frequency  of  the  second  input  signal 

f_input3 (n) =finput3;  %the 

frequency  of  the  third  input  signal 

%simulation  part: finds  the  remainders  and  estimates  bin  numbers 
for  them 

modl=fsl/res;  %modl 

is  first  sampling  frequency  in  terms  of  bins 

quotll (n) =fix(f_inputl (n) /fsl) ;  %first 

quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl;  %first 

remainder  for  sfl 

binll (n) =round(modl* (remll (n) /fsl) ) ;  %first 

estimated  bin  number  for  sfl 


quotl2 (n) =fix(f_input2 (n) /fsl) ; 
%second  quotient  for  sfl 

reml2 (n) =f_input2 (n) -quotl2 (n) *fsl; 
%second  remainder  for  sfl 

binl2 (n) =round(modl* (reml2 (n) /fsl) ) ; 
%second  estimated  bin  number  for  sfl 

quotl3 (n) =f ix ( f_input3 (n) /fsl) ; 
quotient  for  sfl,  signal3 

reml3 (n) =f_input3 (n) “quotl3 (n) *fsl; 
remainder  for  sfl,  signal3 

binl3 (n) =round(modl* (reml3 (n) /fsl) ) ; 
estimated  bin  number  for  sfl,  signal3 


% third 
% third 
% third 
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%mod2 


itiod2=f  s2/res; 

is  second  sampling  frequency  in  terms  of  bins 

quot21 (n) =fix(f_inputl (n) /fs2) ;  %first 

quotient  for  sf2 

rem21 (n) =f_inputl (n) -quot21 (n) *fs2 ;  %f irst 

remainder  for  sf2 

bin21 (n) =round{mod2* {rem21 (n) /fs2 ) ) ;  %first 

estimated  bin  number  for  sf2 

quot22 (n) =fix(f_input2 (n) /fs2) ; 

%second  quotient  for  sf2 

rem22  (n) =f_input2 (n) -quot22 (n) *fs2; 

%second  remainder  for  sf2 

bin22 (n) =round(mod2* (rem22 (n) /fs2) ) ; 

%second  estimated  bin  number  for  sf2 

quot23 (n) =fix(f_input3 (n) /fs2) ; 
quotient  for  sf2,  signal3 

rem23 (n) =f_input3 (n) -quot23 (n) *fs2; 
remainder  for  sf2,  signal3 

bin23  (n)  =ro\ind{mod2*  {rem23  (n)  /fs2)  )  ; 
estimated  bin  number  for  sf2,  signal3 

mod3=fs3/res; 

is  third  sampling  frequency  in  terms  of  bins 
quotSl (n) =fix(f_inputl (n) /fs3) ; 
quotient  for  sf3,  signall 

rem31 (n) =f_inputl (n) -quot31 (n) *fs3 ; 
remainder  for  sf3,  signall 

bin31 (n) =round{mod3* (rem31 (n) /fs3) ) ; 
estimated  bin  number  for  sf3,  signall 

quot32 (n) =fix(f_input2 (n) /fs3) ; 

%second  quotient  for  sf3,  signal2 

rem32 (n) =f_input2 (n) “quot32 (n) *f s3 ; 

%second  remainder  for  sf3,  signal2 

bin32 (n) =round{mod3* (rem32 (n) /fs3) ) ; 

%second  estimated  bin  number  for  sf 3 ,  signal2 

quot33 (n) =f ix(f_input3 (n) /fs3) ; 
quotient  for  sf3,  signal3 

rem33 (n) =f_input3 (n) -quot33 (n) *f s3 ; 
remainder  for  sf3,  signal3 

bin33 (n) =round{mod3* (rem33 (n) /fs3) ) ; 
estimated  bin  number  for  sf3,  signal3 

%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2*mod3 ;  %M  is  an  integer  that  is  defined  in 

CRT 

bl=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod(  (M/modl)  *bl,modl) -=1; 


% third 
% third 
%third 


% third 
%third 
% third 


bl=bl+l; 


end 

b2=0;  % integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  inod(  (M/mod2)  *b2,inod2) --=1; 
b2=b2+l; 

end 

b3=0;  % integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod {  (M/inod3)  *b3, mods ) -=l; 
b3=b3+l; 

end 

%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn_bin(n,27)=0;  %signal  in  terms  of  bin  numbers 
sgn_bin{n,  1)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n,  2)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3; 
sgn_bin{n,  3)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  {M/mod3 )  *bin33  (n)  *b3  ; 
sgn_bin(n,  4)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n,  5)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin(n,  6)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin33  (n)  *b3 ; 
sgn_bin(n,  7)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n, 8) = 

(M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin(n,9)= 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  {M/mod3)  *bin33  (n)  *b3; 

sgn_bin(n,  10)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin 
31(n)*b3; 

sgn_bin(n,  11)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin 
32(n)*b3; 

sgn_bin(n,  12 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin 
33(n)*b3; 

sgn_bin (n,  13 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3)  *bin 
31(n)*b3; 

sgn__bin(n,  14)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin 
32(n)*b3; 

sgn_bin(n,  15)  =  (M/modl)  *binl2  (n)  *bl+(M/mod2)  *bin22  (n)  *b2+(M/mod3)  *bin 
33 (n) *b3; 

sgn_bin(n,  16)  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  *bin 
31(n)*b3; 
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sgn_bin  (n,  17 )  =  (M/modl )  *binl2  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  {M/mod3 )  *bin 
32(n)*b3; 


sgn_bin(n,  18)  =  (M/modl)  *binl2  (n)  *bl+ (M/mod2)  *bin23  (n)  *b2+ (M/mod3)  *bin 
33(n)*b3; 


sgn_bin (n,  19)  =  (M/modl )  *binl3  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin 
31(n)*b3; 


sgn_bin  (n,  20 )  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin 
32 (n) *b3; 


sgn_bin  (n,  21)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin 
33(n)*b3; 


sgn_bin (n,  22)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin 
31 (n) *b3; 


sgn_bin (n,  23 )  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin 
32(n)*b3; 


sgn_bin  (n,  24)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin 
33 (n) *b3; 


sgn_bin (n,  25)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin 
31 (n) *b3; 


sgn_bin(n,  26)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3 )  *bin 
32 (n) *b3; 


sgn_bin(n,  27)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3 )  *bin 
33 (n) *b3; 

sgn_bin=mod(sgn_bin,M) ;  %real  frequency  in  terms  of  bin  numbers 

%correct  some  erroneous  results  occur  for  10  MHz  resolution 
if  sgn_bin(n) >892700. 5  &  sgn_bin(n) <893500. 5 
sgn_bin(n) =sgn_bin(n) -892700 . 5  ; 
elseif  sgn_bin(n) >641999. 5  &  sgn_bin(n) <642799. 5 
sgn_bin(n) =sgn_bin(n) -641999 . 5  ; 
elseif  sgn_bin (n) >460100 . 5  &  sgn_bin(n) <460900. 5 
sgn_bin(n) =sgn_bin(n) -460100 . 5  ; 
elseif  sgn_bin (n) >432600 . 5  &  sgn_bin (n) <433400 . 5 
sgn_bin(n) =sgn_bin(n) -432600 . 5  ; 
elseif  sgn_bin (n) >209399 . 5  &  sgn_bin(n) <210199. 5 
sgn_bin(n) =sgn_bin(n) -209399. 5  ; 

end 

sgn_frq=sgn_bin*res;  %real  frequency  in  terms  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

%  first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

GHz) 
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%  second,  check  Dwhether  the  "signal"  is  enpty  and, 

%  2) if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one(s) 

%  third,  if  so  assign  the  "sgn_frg"  to  the  "signal" 

for  m=l:27 

if  sgn_frq(n,m) >=0  &  sgn_frq{n,m) <=8e9 
sgn_frg(n,m)  =sgn_frq{n,m)  ; 

else 

sgn_frg(n,m) =-2 ; 

end 

end 

for  m=l:27 

if  (  (sgn_frq(n,m)>=(0*fsl)+remll(l,n) -(res/2)  & 
sgn_frq(n,m)<=(0*fsl)+remll(l,n)  +  (res/2) )  | .  . . 

(sgn_frq(n,m)>= (l*fsl)+remll {l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+remll(l,n)+(res/2) )  | . . . 

{sgn_frq(n,m)>= (2*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+remll(l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,m)>=(3*fsl) +remll(l,n) -(res/2)  & 
sgn_frq(n,m)<=(3*fsl)+remll(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (4*f si) +remll (l,n) -(res/2)  & 
sgn_frq(n,m)<=(4*fsl)+remll(l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>= (5*fsl) +remll (l,n) -(res/2)  & 
sgn_frq(n,m)<=(5*fsl)+remll(l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>= (6*fsl) +remll (l,n) -(res/2)  & 
sgn_frq(n,m)<=(6*fsl)+remll(l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,m)>= (7*fsl) +remll (l,n) - (res/2 )  & 
sgn_frq(n,m)<=(7*fsl)+remll(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (8*fsl)+remll (l,n) -(res/2)  & 
sgn_frq(n,m)<=(8*fsl)+remll(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(0*fsl)+reml2 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml2(l,n)  + (res/2) )  | . .  . 

(sgn_frq(n,m)>= (l*fsl)  +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+reml2 (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>= (2*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml2 (l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>= (3*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fsl)+reml2 (1, n)  +  (res/2 ) )  | . .  . 

(sgn_frq(n,m)>=(4*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml2(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(5*fsl) +reml2 (l,n) - (res/2)  & 

sgn_f rq (n,m)<=(5*f si) +reml2(l,n)+ (res/2))  | _ 

(sgn_frq(n,m)>= {6*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(6*fsl)+reml2(l,n)+(res/2))  | . . . 

(sgn_frq(n,m)>=  (7*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fsl)+reml2(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (8*fsl) +reml2 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fsl)+reml2 (l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (0*fsl) +reml3 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml3(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(l*fsl)+reml3 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+reml3(l,n)+ (res/2) )  | . . . 
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(sgn_frq(n,m)  >=  {2*fsl)  +reml3  (l,n)  -  {res/2)  & 
sgn_frq (n,m) <= (2*fsl) +reml3 (1 ,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m)  >=  (3*fsl)  +reinl3  (l,n)  -  (res/2)  & 
sgn_frq (n,in)  <=  {3*f  si)  +reinl3  (1  ,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m)  >=  {4*fsl)  +reinl3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<={4*fsl)+reml3{l,n)  +  {res/2) )  | . . . 

(sgn_frq{n,m)  >= (5*fsl) +reml3 (l,n) - (res/2)  & 
sgn_frq (n,in) <=  (5*f si)  +reml3  (l,n)  +  (res/2 ) )  |  .  .  . 

{sgn_frq(n,in)  >=  (6*fsl)  +reinl3  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (6*f si)  +reml3  {l,n)  +  (res/2)  )  |  . 

(sgn_frq{n,in)  >=  (7*fsl)  +reml3  (l,n)  -  (res/2)  & 
sgn_frq{n,m) <=  (7*f si)  +reml3  (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn__frq(n,m)  >=  (8*fsl)  +reinl3  (l,n)  -  (res/2)  & 
sgn_frq{n,m)  <=  (8*fsl)  +reinl3  (1,  n)  +  (res/2 ) )  ) 

sgn_frq(n,in)  =sgn_frq{n,in)  ; 

else 

sgn_frq(n,m) =-2; 

end 

end 

for  m=l:27 

if  {  (sgn_frq{n,m)  >=  (0*fs2) +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem21(l,n)  + (res/2) )  |  . 

(sgn_frq(n,in)  >=  (l*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=  (l*fs2)  +rein21  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= {2*fs2 ) +rem21 (l,n) - {res/2 )  & 
sgn_f rq(n,m) <= (2*f s2 ) +rem21 (l,n) + (res/2 ) )  | . . . 

{sgn_frq(n,m) >= (3*fs2 ) +rem21 (l,n) - (res/2 )  & 
sgn_frq(n,m) <= (3*fs2) +rem21  {l,n)  +  (res/2) )  |.., 

(sgn_frq{n,m)  >= (4*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,in)  <=  {4*f s2 )  +rem21  (l,n)  +  (res/2 )  )  1.,, 

(sgn_frq{n,m)  >=  (5*f s2)  +rem21  (l,n)  -  (res/2 )  & 
sgn„frq(n,in)<={5*fs2)+rem21(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frg{n,m)  >=  (6*fs2)  +rem21  (l,n)  -  (res/2)  & 
sgn_frq(n,in) <=  { 6*fs2 )  +rein21  {l,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq(n,m)  >=  (7*fs2)  +rem21  (l,n)  -  {res/2)  & 
sgn_frq{n,m)<=(7*fs2)+rem21(l,n)+ {res/2) )  | . . . 

(sgn_frq(n,m)  >=  {8*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(8*fs2)+rem21(l,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >= (0*fs2) +rem22 (l,n) - {res/2)  & 
sgn_frq(n,in) <=  (0*fs2j  +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (l*fs2)  +rem22  (l,n)  -  {res/2)  & 
sgn_frq(n,in)<=(l*fs2)  +rein22  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)  >=  (2*fs2)  +rein22  {l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (2*f  s2 )  +rein22  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)  >=  (3*fs2)  +rem22  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(3*fs2)+rem22 (1, n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (4*f s2) +rem22 (1 , n) - (res/ 2 )  & 
sgn_frq(n,m) <= (4*fs2) +rem22 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >=  (5*f s2)  +rein22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (5*fs2)  +rem22  {l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq{n,m)  >=  (6*f  s2)  +rem22  (1  ,n)  -  (res/2 )  & 
sgn_frq{n,in)<=  (6*fs2)  +rem22  {l,n)  +  {res/2)  )  |  .  .  . 
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(sgn_frq(n,m)>=(7*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rem22 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(8*fs2)+rem22 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rein22(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(0*fs2)+rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem23(l,n)+(res/2))  | . . . 

(sgn_frq(n,m)>=(l*fs2)+rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem23 (l,n)  +  (res/2) )  (  .  . . 

(sgn_frq(n,m)>=(2*fs2)+rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem23(l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,in)>=(3*fs2)+rem23  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(3*fs2)+rein23(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>=(4*fs2)+rem23 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(4*fs2)+reni23(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>= (5*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fs2)+rem23(l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(6*fs2)+rein23(l,n)- (res/2)  & 
sgn_frq(n,in)<=(6*fs2)+rein23(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(7*fs2)+rein23  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(7*fs2)+rem23(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (8*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem23(l,n)+(res/2) )  ) 

sgn_frq(n,m) =sgn_frq(n,m) ; 

else 

sgn_frq(n,m) =-2; 

end 

end 

for  in=l:27 

if  (  {sgn_frq(n,m)>=(0*fs3)+rem31(l,n)-(res/2)  & 

sgn_frq(n,m)<=(0*fs3)+rem31 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (I*fs3)+rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fs3)+rem31(l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>= (2*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs3)+rein31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=  (3*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem31(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(4*fs3)+rem31(l,n)- (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(5*fs3)+rem31(l,n) -(res/2)  & 
sgn_frq(n,in)<=(5*fs3)+rein31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=  (6*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs3)+rem31(l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>= (7*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (8*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(8*fs3)+rem31(l,n)  + (res/2) )  | .  . . 

(sgn_frq(n,m)>=(0*fs3)  +rein32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs3)+rem32(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(l*fs3)+rem32 (1 ,n) - (res/2 )  & 
sgn_frq(n,m)<=(l*fs3)+rem32(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(2*fs3)+rem32 (l,n) - (res/2)  & 
sgn_frq(n,ra)<=(2*fs3)+rem32(l,n)  +  (res/2) )  |  .  . . 
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(sgn_frq{n,in)  >=  (3*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(3*fs3)+rem32  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >= (4*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rem32  (1 ,  n)  +  (res/2 )  )  |  .  .  . 

{sgn_frq(n,m)  >=  (5*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(5*fs3)+rein32  (1 , n)  +  (res/2 )  )  |  . 

(sgn_frq(n,m)  >=  (6'^fs3 )  +rein32  (l,n)  -  (res/2 )  & 
sgn_frq(n,ni)  <=  ( 6*fs3 )  +rem32  (1 ,  n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m)>=(7*fs3)+rem32  (l,n)  -(res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rein32(l,n)  + (res/2)  )  |  . . . 

(sgii_frq(n,m)  >=  (8*fs3)  +rein32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs3)+re]:n32(l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m)>=  (0*fs3)  +rem33  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  ( 0*fs3 )  +rem33  (1,  n)  +  (res/2 )  )  |  . . . 

(sgn_frq(n,m)  >=  (l*fs3)  +rem33  (l,n)  -  {res/2)  & 
sgn__frq(n,m)<={l*fs3)+rem33(l,n)  + (res/2)  )  |  . .  . 

(sgn_frq{n,in)  >=  {2*fs3)  +rem33  (l,n)  -  (res/2)  & 
sgn_frq{n,m)<=(2*fs3)+rem33  {l,n)  +  (res/2)  )  |  . 

(sgn_frq(n,m)>=  (3*fs3)  +rem33  (l,n)  -  {res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem33{l,n)  +  {res/2)  )  |  .  .  . 

{sgn__frq(n,m) >=  (4*fs3)  +rein33  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (4*fs3 ) +rem33 {l,n) + {res/2 ) )  | . . . 

(sgn_frq(n,m) >=  (5*fs3 )  +rein33  (l,n)  -  (res/2)  & 
sgn__frq(n,m)  <=  (5*f s3 )  +rem33  (l,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq(n,xn)  >=  (6*fs3)  +rem33  (l,n)  -  (res/2)  & 
sgn_frq{n,in)<=(6*fs3)+rem33(l,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (7*fs3)  +rein33  {l,n)  -  (res/2)  & 
sgn_frq(n,in)<={7*fs3)+rem33  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  {8*fs3)  +rein33  {l,n)  -  {res/2)  & 
sgn_frq(n,m)<=  (8*fs3)  +rem33  (l/ii)  +  (res/2)  )  ) 

sgn_frq{n,in)  =sgn_frq(n,in)  ; 

else 

sgn_frq(n,m)  =-2; 

end 

end 

signall (n) =-l;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 

signals (n) =-l; 

for  m=l :27 

if  sgn_frq(n,m)  >=0  &  sgn_frq  (n,m)  <=8e9 
if  signall (n) ==-l 

signall (n) =sgn_frq(n,m) ; 
elseif  signal2 (n) ==-l  &  . . . 

(sgn_frq(n,m)  <=signall  (n)  -res  | 
sgn_frq(n,m) >=signall (n) +res) 

signal2  (n)  =sgn_frq(n,m)  ; 
elseif  signals (n) ==-l  &  ... 

(sgn_frq{n,m) <=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

{sgn_frq(n,m) <=signal2 (n) -res  | 
sgn_frq(n,m) >=signal2 (n) +res) 
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signals  (n)  =sgn_frq(n,m)  ; 


end 

end 

end 

%output 

format  short  e 

output= [ f_inputl 
f_input2 
f_input3 
signall 
signal2 
signals] 

end 


%crt2_Ssf_4sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  {"=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime, (i.e.  their 
%greatest  common  divisor  is  1),  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=:l,2,...,r  and  substitute  them  into 
%equation  f=M/ml*al*bi+M/m2*a2*b2+.  .  .+M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 
fsl=input ( 'Enter  the  first  sampling  frequency:'); 

%the  first  sampling  frequency  that  will  be  used 
fs2=input ( 'Enter  the  second  sampling  frequency:'); 

%the  second  sampling  frequency  that  will  be  used 
fsS=input ( 'Enter  the  third  sampling  frequency:'); 

%the  third  sampling  frequency  that  will  be  used 

res=input{ 'Enter  the  resolution  (25,  10,  5  MHz):');  %the 

resolution  that  will  be  used 

itr=50; 

%how  many  debugging 

tries  that  will  be  made 
f input 

for  n=l:itr 

f_inputl (n) = f input 1 ; 

%the  frequency  of  the  first  input  signal 
f_input2 (n) =f input2 ; 

%the  frequency  of  the  second  input  signal 

f_inputS (n) =f inputs ; 

%the  frequency  of  the  third  input  signal 
f_input4 (n) = f input 4; 

%the  frequency  of  the  fourth  input  signal 


97 


%siinulation  part: finds  the  remainders  and  estimates  bin  niimbers 
for  them 

modl=fsl/res;  %modl  is  first  sampling 

frequency  in  terms  of  bins 

quotll  (n)  =f ix{f_inputl  (n) /fsl)  ;  %first  quotient  for  sfl 

remll (n) =f_inputl (n) -quotll (n) *fsl;  %first  remainder  for 

sfl 

binll (n) =round(modl* (remll (n) /fsl) ) ;  %first  estimated  bin 

number  for  sfl 

quotl2  (n)  =fix(f__input2  (n) /fsl)  ;  %second  quotient  for 

sfl 

reml2 (n) =f_input2 (n) ~quotl2 (n) *fsl;  %second  remainder  for 

sfl 

binl2 (n) =round(modl* (reml2 (n) /fsl) ) ;  %second  estimated  bin 

number  for  sfl 

quotlS (n) =fix{f_input3 (n) /f si) ;  %third  quotient  for 

sfl,  signals 

reml3 (n) =f_input3 (n) -quotlS (n) *fsl;  %third  remainder  for 

sfl,  signals 

binl3 (n) =round (modi* (reml3 (n) /fsl) ) ;  %third  estimated  bin 

number  for  sfl,  signals 

quotl4 (n) =fix(f_input4 (n) /fsl) ;  %fourth  quotient  for 

sfl,  signal4 

reml4 (n) =f_input4 (n) -quotl4 (n) *fsl ;  %fourth  remainder  for 

sfl,  signal4 

binl4 (n) =round(modl* (reml4 (n) /fsl) ) ;  %fourth  estimated  bin 

number  for  sfl,  signal4 

mod2=fs2/res;  %mod2  is  second 

sampling  frequency  in  terms  of  bins 

quot21 (n) =fix(f_inputl (n) /fs2) ;  %first  quotient  for  sf2 

rein21  (n)  =f_inputl  (n) -quot21  (n)  *fs2  ;  %first  remainder  for 

sf2 

bin21 (n) =round(mod2* (rem21 (n) /fs2) ) ;  %first  estimated  bin 

number  for  sf2 

quot22 (n) =fix(f_input2 (n) /fs2) ;  %second  quotient  for 

sf2 

rem22  (n)  =f_input2  (n) -quot22  (n)  *fs2  ;  %second  remainder  for 

sf2 

bin22 (n) =round(mod2* (rem22 (n) /fs2) ) ;  %second  estimated  bin 

number  for  sf2 

quot23 (n) =fix(f_input3 (n) /fs2) ;  %third  quotient  for 

sf2,  signals 

rem23 (n) =f_input3 (n) ~quot23 (n) *f s2 ;  %third  remainder  for 

sf2,  signals 

bin23 (n) =round(mod2* (rem23 (n) /fs2) ) ; 
number  for  sf2,  signals 


%third  estimated  bin 


%fourth  quotient  for 


quot24 (n) =f ix (f_input4 (n) /fs2) ; 
sf2,  signal4 

rem24 (n) =f_input4 (n) -quot24 (n) *fs2 ;  %fourth  remainder  for 

sf2,  signal4 

bin24 (n) =round(mod2* (rem24 (n) /fs2) ) ;  %fourth  estimated  bin 

number  for  sf2,  signal4 

mod3=fs3/res;  %mod3  is  third 

sampling  frequency  in  terms  of  bins 

quot31 (n) =fix{f_inputl (n) /fs3) ;  %first  quotient 

for  sf3,  signall 

rem31  (n)  =f_inputl  (n)  --quot31  (n)  *f  s3 ;  %f  irst  remainder 

for  sf3,  signall 

bin31 (n) =round{mod3* {rem31 (n) /fs3) ) ;  %first  estimated 

bin  number  for  sf3,  signall 

quot32 (n) =fix(f_input2 (n) /fs3) ;  %second  quotient 

for  sf3,  signal2 

rem32  (n)  =f_input2  (n)  -“quot32  (n)  *f  s3 ;  %second  remainder 

for  sf3,  signal2 

bin32 (n) =round(mod3* (rem32 (n) /fs3) ) ;  %second  estimated 

bin  number  for  sf3,  signal2 

quot33 (n) =f ix (f_input3 (n) /fs3) ;  %third 

quotient  for  sf3,  signal3 

rem33 (n) =f_input3 (n) -quot33 (n) *f s3 ;  %third  remainder 

for  sf3,  signal3 

bin33(n)=round(mod3*(rem33(n)/fs3) ) ;  %third  estimated 

bin  number  for  sf3,  signal3 

quot34 (n) =fix(f_input4 (n) /fs3) ;  %fourth  quotient 

for  sf3,  signal4 

rem34 (n) =f_input4 (n) -quot34 (n) *f s3 ;  %fourth  remainder 

for  sf3,  signal4 

bin34 (n) =round(mod3* (rem34 (n) /fs3) ) ;  %fourth  estimated 

bin  number  for  sf3,  signal4 

%iteration  part:  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2*mod3 ;  %M  is  an  integer  that 

is  defined  in  CRT 

bl=0;  %integer  we 

have  to  find  in  order  to  solve  for  real  frequency 

while  mod  {  (M/modl )  *bl ,  modi )  --=1 ; 

bl=bl+l; 

end 

b2=0;  %integer  we 

have  to  find  in  order  to  solve  for  real  frequency 

while  mod( (M/mod2) *b2,mod2) ~=1; 

b2=b2+l; 

end 

b3=0;  %integer  we 

have  to  find  in  order  to  solve  for  real  frequency 

while  mod( (M/mod3) *b3,mod3)~=l; 
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end 


b3=b3+l; 


%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn_bin{n,  64)  =0;  %signal  in  terms  of  bin  numbers 

sgn_bin(n,  1)  = 

(M/modl )  *binll  (n)  *bl+  {M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin  (n,  2 )  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3; 
sgn_bin(n,3)  = 

(M/modl )  *binll  (n)  *bl+  {M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin33  (n)  *b3  ; 
sgn_bin(n,4)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3; 
sgn_bin(n,  5)  = 

(M/modl)  *binll(n)  *bl+(M/mod2)  *bin22  (n)  *b2+(M/mod3)  *bin31{n)  *b3; 
sgn_bin(n,  6)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin(n,  7)  = 

(M/modl)  *binll  (n)  *bl+  {M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin33  (n)  *b3; 
sgn_bin(n,  8)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3; 
sgn_bin(n,  9)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3; 

sgn_bin(n,  10)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  * 
bin32(n)*b3; 

sgn_bin  (n,  11)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3)  * 
bin33  (n)  *b3; 

sgn_bin{n,  12 )  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3 )  * 
bin34  (n)  *b3 ; 

sgn_bin{n,  13)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin31  (n)  *b3  ; 

sgn_bin(n,  14)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin32  (n)  *b3; 

sgn_bin(n,  15)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin33  (n)  *b3  ; 

sgn_bin(n,  16)  =  (M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin34  (n)  *b3  ; 

sgn_bin (n,  17 )  =  (M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  * 
bin31  (n)  *b3  ; 

sgn_bin (n,  18)  =  (M/modl)  *binl2  (n)  *bl+  {M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  * 
bin32(n)*b3; 

sgn_bin(n,  19)  =  (M/modl)  *binl2  (n)  *bl+  {M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  * 
bin33  (n)  *b3; 
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sgn_bin  (n,  20)  =  (M/modl)  *binl2  (n)  *bl+  (M/inod2)  *bin21  (n)  *b2+  {M/mod3)  * 
bin34 (n) *b3 ; 

sgn_bin (n, 21) = (M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+ (M/mod3 ) * 
bin31{n)*b3; 

sgn_bin(n, 22)= (M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+ (M/mod3) * 
bin32 (n) *b3; 

sgn_bin (n, 23)= (M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+(M/mod3) * 
bin33 (n) *b3 ; 

sgn_bin(n, 24)= (M/modl) *binl2 (n) *bl+ (M/mod2) *bin22 (n) *b2+ (M/mod3) * 
bin34 (n) *b3 ; 


sgn_bin(n, 25)  =  (M/modl) *binl2 (n) *bl+  (M/mod2 ) *bin23 (n) *b2+ (M/mod3) * 
bin31 (n) *b3 ; 


sgn_bin (n, 26)= (M/modl ) *binl2 (n) *bl+ (M/mod2) *bin23 (n) *b2+ (M/mod3) * 
bin32 (n) *b3 ; 


sgn_bin (n, 27 ) = (M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin23 (n) *b2+ (M/mod3 ) * 
bin33(n)*b3; 

sgn_bin (n, 28)= (M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin23 (n) *b2+ (M/mod3) * 
bin34(n)*b3; 

sgn_bin(n, 29)= (M/modl) *binl2 (n) *bl+ (M/mod2) *bin24 (n) *b2+(M/mod3) * 
bin31(n)*b3; 


sgn_bin(n, 30)= (M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin24 (n) *b2+ (M/mod3) * 
bin32 (n) *b3 ; 


sgn_bin (n, 31 ) = (M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin24 (n) *b2+ (M/mod3 ) * 
bin33(n)*b3; 


sgn_bin (n, 32)= (M/modl ) *binl2 (n) *bl+(M/mod2) *bin24 (n) *b2+(M/mod3) * 
bin34(n)*b3; 

sgn_bin (n, 33 ) = (M/modl) *binl3 (n) *bl+ (M/mod2 ) *bin21 (n) *b2+ (M/mod3 ) * 
bin31 (n) *b3; 

sgn_bin (n, 34) = (M/modl) *binl3 (n) *bl+ (M/mod2 ) *bin21 (n) *b2+ (M/mod3 ) * 
bin32 (n) *b3 ; 

sgn_bin(n. 35)= (M/modl) *binl3 (n) *bl+ (M/mod2 ) *bin21 (n) *b2+ (M/mod3) * 
bin33(n)*b3; 


sgn_bin(n, 36)= (M/modl) *binl3 (n) *bl+ (M/mod2) *bin21 (n) *b2+(M/mod3) * 
bin34 (n) *b3 ; 


sgn_bin (n, 37 ) = (M/modl ) *binl3 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+ (M/mod3 ) * 
bin31 (n) *b3 ; 
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sgn_bin  (n,  38)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  {M/inod3 )  * 
bin32  (n)  *b3  ; 

sgn_bin  (n,  39)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  * 
bin33(n)*b3; 

sgn_bin  (n,  40)  =  (M/modl )  *binl3  (n)  *bl+  {M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  * 
bin34  (n)  *b3 ; 

sgn_bin  (n,  41)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  * 
bin31 (n) *b3 ; 

sgn_bin(n, 42)  =  (M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin23  (n)  *b2+(M/mod3)  * 
bin32(n)*b3; 

sgn_bin(n, 43)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  * 
bin33  (n)  *b3; 

sgn_bin  (n,  44)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  * 
bin34(n)*b3; 

sgn_bin(n,45)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin31(n)*b3; 

sgn_bin (n, 46)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  * 
bin32  (n)  *b3  ; 

sgn_bin  (n,  47 )  =  (M/modl )  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  * 
bin33(n)*b3; 

sgn„bin(n,  48)  =  (M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3)  * 
bin34  (n)  *b3  ; 

sgn_bin(n, 49)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  * 
bin31(n)*b3; 

sgn_bin(n,  50)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  * 
bin32(n)*b3; 

sgn_bin(n,  51)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  * 
bin33  (n)  *b3  ; 

sgn_bin(n,  52)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  * 
bin34  (n)  *b3 ; 

sgn_bin  (n,  53)  =  (M/modl)  *binl4(n)  *bl+(M/mod2)  *bin22  (n)  *b2+(M/mod3)  * 
bin31  (n)  *b3; 

sgn__bin  (n,  54)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  * 
bin32(n)*b3; 

sgn_bin(n,  55)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  * 
bin33  (n)  *b3; 
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sgn_bin  (n,  56)  =  (M/modl)  *binl4  (n)  *bl+  {M/inod2)  *bin22  (n)  *b2+  (M/inod3)  * 
bin34 (n) *b3; 


sgn_bin  (n,  57)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  {M/mod3)  * 
bin31(n)*b3; 


sgn_bin  (n,  58 )  =  (M/modl )  *binl4  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  * 
bin32 (n) *b3; 


sgn_bin  (n,  59)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  * 
bin33 (n) *b3; 


sgn_bin  (n,  60)  -  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  * 
bin34 (n) *b3; 


sgn_bin{n,  61)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  * 
bin31 (n) *b3; 


sgn_bin (n, 62 ) = (M/modl ) *binl4 (n) *bl+ (M/mod2 ) *bin24 (n) *b2+ (M/mod3 ) * 
bin32 (n) *b3; 


sgn_bin  (n,  63 )  =  (M/modl )  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  * 
bin33 (n) *b3; 

sgn_bin  (n,  64 )  =  (M/modl )  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  * 
bin34 (n) *b3; 

^i'^“^o<i(sgn_bin,M)  ;  %real  frequency  in  terms  of  bin  numbers 

%correct  some  erroneous  results  occur  for  10  MHz  resolution 
if  sgn_bin(n) >892700. 5  &  sgn_bin (n) <893500 . 5 
sgn_bin(n)=sgn_bin(n) -892700. 5  ; 
elseif  sgn_bin(n) >641999. 5  &  sgn_bin(n) <642799 . 5 
sgn_bin(n)=sgn_bin(n) -641999. 5  ; 
elseif  sgn_bin(n) >460100. 5  &  sgn_bin(n) <460900. 5 
sgn_bin(n)=sgn_bin(n) -460100. 5  ; 
elseif  sgn_bin(n) >432600. 5  &  sgn_bin(n) <433400. 5 
sgn_bin(n)=sgn_bin(n) -432600.5  ; 
elseif  sgn_bin{n) >209399. 5  &  sgn_bin(n) <210199. 5 
sgn_bin(n)=sgn_bin(n) -209399. 5  ; 
end 

3rq— sgn_bin*res ;  %real  frequency  in  terms  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq"  ies  are  correct 
according  to  the  following  steps: 

first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

second,  check  1) whether  the  "signal"  is  enpty  and, 

2) if  so,  whether  the  "sgn_frq"  is  different 

than  the  former  choosen 

third,  if  so  assign  the  "sgn_frq"  to  the  "signal" 


% 

GHz) 

% 

% 

% 

one ( s ) 

% 
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for  m=l: 64 

if  sgn_frg(n,m) >=0  &  sgn_frq{n,m) <=8e9 
sgn_frq{n,m)  =sgn_frq(n,m)  ; 

else 

sgn_frq(n,m)  =-2; 

end 

end 

for  in=l:64 

if  {  (sgn_frq(n,]:n)  >=  (0*fsl) +reinll  (l,n)  -  (res/2)  & 
sgn_f rq (n, m) <={ 0*f si )+remll{l,n)  +  ( res/2) )  | . .  . 

{sgn_frq(n,m) >= (l*fsl) +remll (l,n) - (res/2)  & 
sgn_f rq (n, m) <=( l*f si )+remll(l,n)+( res/2) )  | . 

{sgn_frq(n,m) >= (2*fsl) +remll (l,n) - (res/2)  & 
sgn_frq(n,m) <= (2*f si) +remll (l,n) + (res/2) )  | . 

{sgn_frq(n,m)  >=  (3*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (3*fsl) +remll (l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n/m)  >=  (4*fsl)  +remll  (l,n)  -  {res/2)  & 
sgn_f rq(n,in)  <=  (4*f si)  +reinll  (1, n)  +  (res/2)  )  |  . 

{sgn_frq(n,in)  >=  (5*fsl)  +reinll  {l,n)  -  (res/2)  & 
sgn_f rq(n,in)  <=  {5*f si)  +remll  (l,n)  +  (res/2 )  )  |  .  .  . 

{sgn_frq(n,m)  >=  {6*fsl)  +remll  {l,n)  -  (res/2)  & 
sgn_frq{n,in)  <=  (6*fsl)  +remll  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (7*fsl)  +reinll  (l,n)  -  (res/ 2)  & 
sgn_frq(n,m)<={7*fsl)+remll(l,n)+(res/2) )  | . . . 

(sgn_frq{n,m)  >=  (8*fsl)  +reinll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (8*fsl) +remll (1 ,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m)  >=  (0*f si)  +reml2  (1 , n)  -  (res/ 2 )  & 
sgn_frq(n,iti)<=  (0*fsl)  +reml2  {l,n)  +  (res/2 )  )  |  .  .  . 

{sgn_frq(n,m)  >=  {l*fsl)  +reinl2  {l,n)  --  (res/2)  & 
sgn_f  rq  (n,m)  <=  (l*fsl)  +reinl2  (1 ,  n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,in)  >=  (2*fsl)  +reml2  (1  ,n)  -  {res/2 )  & 
sgn_f rq(n,m) <= (2*fsl) +reml2 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,in)  >=  (3*fsl)  +reinl2  {l,n)  -  (res/2 )  & 
sgn_frq(n,m)  <=  (3*fsl)  +reml2  (1  ,n)  +  (res/ 2)  )  |  .  .  . 

(sgn_frq(n,in) >=  (4*fsl)  +reml2  (1  ,n)  -  (res/2)  & 
sgn_f rq(n,m) <= (4*fsl) +reml2 {l,n) + (res/2) )  | . . . 

{sgn_frq(n,in)  >=  (5*fsl)  +reml2  (l,n)  -  (res/ 2)  & 
sgn_frq{n,m)  <=  (5*fsl)  +reml2  (1  ,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq{n,m)>=  (6*fsl)  +reinl2  (l,n)  -  {res/2)  & 
sgn_frq(n,m)<= (6*fsl) +reml2 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (7*fsl) +reml2 {l,n) - (res/2)  & 
sgn_frq{n,in) <=  {7*fsl)  +reml2  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  {8*fsl)  +reml2  (1  ,n)  -  (res/ 2)  & 
sgn_frq(n,m)<= (8*fsl) +reml2 {l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq{n,m)  >=  (0*fsl)  +reinl3  (l,n)  -  (res/2)  & 
sgn_frq{n,m) <=  (0*fsl)  +reml3  (l,n)  +  {res/2)  )  |  . 

(sgn_frq(n,m)>=  (l*fsl)  +reml3  (l,n)  -  (res/ 2)  & 
sgn_f rq(n,m) <=  {l*f si)  +reinl3  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m)  >=  {2*f si)  +reml3  (1  ,n)  -  (res/2 )  & 
sgn_frq(n,m) <=  {2*fsl)  +reml3  (l,n)  +  (res/ 2) )  |  . 

(sgn_frq(n,m)  >=  (3*f si) +reml3  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=  (3*fsl)  +reinl3  (l,n)  +  (res/ 2) )  |  .  .  . 
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(sgia_frq{n,in)>=(4*fsl)+reml3  (l,n) -(res/2) 
sgn_frg(n,in)<=(4*fsl)+reml3  (l,n)  +  (res/2) )  [  .  .  . 

(sgn_frg(n,in)  >=  (5*fsl)  +reml3  (l,n)  -  (res/2) 
sgn_frq(n,rti)<=(5*fsl)+reml3  (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>=(6*fsl)+reml3 (l,n) - (res/2) 
sgn_frq(n,m)<=,(6*fsl)+reinl3  (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m)>=(7*fsl) +reml3 (l,n) -(res/2) 
sgn_frq(n,in)<=(7*fsl)+reinl3  (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,in)>=(8*fsl)+reml3  (l,n) -(res/2) 
sgn_frq(n,in)<=(8*fsl)+reinl3  (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,iii)  >=  (0*fsl) +reml4  {l,n)  -  (res/2) 
sgn_frq(n,in)<=(0*fsl)+reinl4(l,n)  + (res/2)  )  |  .  .  . 

{sgn_frq(n,m) >= (l*f si ) +reml4 (l,n) - (res/2) 
sgn_frq(n,m)<=(l*fsl)+reml4(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(2*fsl)+reml4(l,n)- (res/2) 
sgn_frq(n,in)<=(2*fsl)+reml4(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)>=(3*fsl)+reml4(l,n)- (res/2) 
sgn_frq(n,in)<=(3*fsl)+reml4(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)>=(4*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n.m)<=(4*fsl)+reinl4(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(5*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n,m)<=(5*fsl)+reinl4(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(6*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n,m)<=(6*fsl)+reml4(l,n)+(res/2) )  | . 

(sgn_frq(n,m)>=  (7*fsl ) +reinl4  (l,n)  -  (res/2) 
sgn_f rq (n,in)<=(7*f si )+reitil4(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (8*fsl) +reml4 (l,n) - (res/2) 
sgn_frq(n,m)<=(8*fsl)+reml4(l,n)+ (res/2) )  ) 

sgn_frq(n,m) =sgn_frq(n,m)  ; 

else 

sgn_frq(n,m) =-2; 

end 

end 
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for  in=l ;  64 

if  (  (sgn_frq(n,in)>=(0*fs2)+rem21(l,n)-(res/2)  Sc 

sgn_frq(n,m)<=(0*fs2)+rem21(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(l*fs2)+rein21(l,n)  -  (res/2)  Sc 
sgn_frq(n,m)<=(l*fs2)+rem21(l,n)  +  (res/2) )  |  . 

(sgn_frq(n,m) >= (2*fs2) +rem21 (1 , n) - (res/2)  & 

sgn_frq(n,m)<=(2*fs2)+rem21(l,n)  + (res/2) )  | .  .  . 

(sgn_frq(n,m)>=(3*fs2)+rein21(l,n)- (res/2)  Sc 
sgn_frq(n,in)<=(3*fs2)+rein21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(4*fs2)+rem21(l,n)  -  (res/2)  Sc 
sgn_frq(n,in)<=(4*fs2)+rein21(l,n)  +  (res/2)  )  (  .  .  . 

(sgn_frq(n,m)>=(5*fs2)+rem21(l,n)  -  (res/2)  Sc 
sgn_frq(n,m)<=(5*fs2)+rem21(l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m)>=(6*fs2)+rein21(l,n)- (res/2)  Sc 
sgn_frq(n,in)<=(6*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(7*fs2)+rem21(l,n) -(res/2)  Sc 
sgn_frq(n,in)<=(7*fs2)+rem21(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(8*fs2)+rein21(l,n)  -  (res/2)  Sc 
sgn_frq(n,m)<=(8*fs2)+rem21(l,n)  +  (res/2) )  |  .  .  . 
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{sgn__frq(n,in)  >=  {0*f  s2 )  +rein22  (l,n)  -  (res/ 2)  & 
sgn_f rq(n,m)  <=  ( 0*f s2 )  +rem22  (1 , n)  +  (res/2 )  )  |  • 

(sgn_frq(n,m) >= (l*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq{n,m) <= {l*f s2 ) +rem22 (l,n) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (2*f s2 ) +rem22 (l,n) - (res/ 2)  & 
sgn_frq(n,m)<=  (2*fs2)  +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (3*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq{n,m)<=(3*fs2)+rem22(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m) >= (4*f s2 ) +rem22 (1 ,n) - (res/ 2)  & 
sgn_frq(n,in) <=  (4*fs2 )  +rem22  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >= (5*fs2) +rem22 {l,n) - (res/2)  & 
sgn_frq(n,m) <=  (5*fs2)  +rem22  (l,n)  +  (res/2)  )  |  , 

{sgn_frg(n,m)  >=  (6*f  s2 )  +rein22  (l,n)  -  (res/2)  & 
sgn_f rq (ri/in)  <=  (6*fs2 )  +rem22  (l,n)  +  (res/2 ) )  |  . 

(sgn_frq(n,in)  >=  (7*fs2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  {7*fs2 )  +rem22  (l,n)  +  (res/2 ) )  |  . .  . 

(sgn_frq(n,m) >= (8*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq (n,in) <=  (8*f s2)  +rem22  (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (0*fs2)  +rein23  (l,n)  -  (res/ 2)  & 
sgn_frq (n,m)  <=  ( 0*f s2 )  +rem23  (1  /  ii)  +  {res/2 ) )  |  •  •  • 

(sgn_frq(n,m) >= {l*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem23 (l,n) + (res/2) )  | . . . 

(sgn__frq(n,m)  >=  (2*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_f rq (n,m) <=  (2*fs2 )  +rem23  {l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,in)  >=  {3*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_frq{n,in) <=  (3*fs2)  +rem23  {l,n)  +  (res/2 )  )  |  .  .  . 

( sgn_frq (n, m)  >=  {4*fs2)  +rein23  {1,tl)  -  (res/2)  & 
sgn_frq(n,m) <=  {4*f s2 )  +rein23  (1, n)  +  (res/2)  )  |  . 

(sgn_frq(n,m) >= (5*fs2) +rem23 (l,n) - {res/2)  & 
sgn_frq  (n,m)  <=  (5*f  s2)  +rein23  {l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m) >= (6*f s2 ) +rem23 (l,n) - (res/2 )  & 
sgn_frq(n,m) <= (6*fs2 ) +rem23 (1 ,n) + {res/2 ) )  | . . . 

(sgn_frq(n,m)  >=  (7*f s2 )  +rein23  { l,n)  -  (res/2)  & 
sgn_frq(n,m)<=  {7*fs2)  +rem23  (l,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq(n,m)  >=  (8*fs2)  +rem23  (l,n)  -  {res/2)  & 
sgn_f rq(n,m)  <=  (8*f  s2 )  +rem23  (1, n)  +  (res/ 2 )  )  |  . 

(sgn_frq(n,in)  >=  (0*f s2 )  +rem24  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (0*fs2)  +rein24  (l,n)  +  {res/2)  )  l--- 

(sgn_frq(n,in)  >=  (l*f  s2 )  +rem24  { 1  ,n)  -  (res/2 )  & 
sgn_f rq (n, m)  <=  { l*f s2 )  +rem24  (1 , n)  +  (res/2 )  )  |  . 

(sgn_frq(n,m) >= (2*fs2) +rem24 {l,n) - (res/2)  & 
sgn__frq (n,in)  <=  (2*f s2 )  +rein24  (l,n)  +  (res/ 2)  )  |  .  .  . 

(sgn_frq{n,m) >= (3*fs2) +rem24 (l,n) - {res/2)  & 
sgn_frq(n,m) <=  (3*fs2)  +rein24  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq{n,m)  >=  {4*fs2)  +rem24  (l,n)  -*  (res/2)  & 
sgn_frq (n,in)  <=  {4*fs2)  +rem24  (l,n)  +  (res/2 ) )  |  . .  . 

{sgn_frq(n,m) >= (5*fs2) +rem24 (l,n) - (res/2)  & 
sgn_frq (n,m) <= (5*f s2 ) +rem24 (l,n) + (res/2) )  | . . . 

{sgn_frq(n,in)  >=  (6*fs2)  +rein24  (l,n)  -  {res/2)  & 
sgn_frq{n,in)<=(6*fs2)+rein24(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq{n,m) >= {7*fs2 ) +rem24 (l,n) ~ {res/2)  & 
sgn_frq{n,m)<=(7*fs2)+rem24{l,n)+{res/2) )  | . . . 

{sgn_frq(n,m) >= {8*f s2 ) +rem24 {l,n) - {res/2)  & 
sgn_frq (n,m) <= { 8*f s2 ) +rem24 {1 / n) + {res/2 ) )  ) 
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else 

end 

end 


sgn_frq(n,m)  =sgn_frq(n,m)  ; 
sgn_frq(n,m) =-2; 


for  m=l : 64 

if  (  (sgn_frq(n,m)>=(0*fs3)+rem31(l,n)-(res/2)  & 

sgn_frq(n,m)<=(0*fs3)+rem31(l,n)  +  {res/2))  |  ... 

(sgn_frq(n,m)>=(l*fs3)+rem31(l,n)- (res/2)  & 
sgn_frq(n,m)<=(l*fs3)+rem31{l,n)+(res/2) )  |... 

(sgn_frq(n,in)>={2*fs3)+rem31(l,n)-(res/2)  & 
sgn_frq(n,in)<=(2*fs3)+reni31{l,n)  +  (res/2) )  |  . .  . 

{sgn_frq(n,m) >= (3*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(3*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(4*fs3) +rem31(l,n) - (res/2)  & 
sgn_frq(n,in)<=(4*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >=  (5*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(5*fs3)+rem31(l,n)  + (res/2) )  | . .  . 

(sgn_frq(n,m) >= (6*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(6*fs3)+rein31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)  >=  (7*fs3 )  +rem31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rem31(l,n)  +  (res/2))  |  .  .  . 

(sgn_frq(n,in)>=  (8*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs3)+rem31(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (0*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(0*fs3)+rem32  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in) >=  (l*fs3)  +rein32  (l.n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fs3)+rem32 (l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>= (2*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(2*fs3)+rem32  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (3*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem32 (l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(4*fs3) +rem32 (l,n) - (res/2 )  & 
sgn_frq(n,in)<=(4*fs3)+rem32(l,n)  +  (res/2))  |  .  .  . 

(sgn_frq(n,m)>=(5*fs3)+rein32  (l,n)- (res/2)  & 
sgn_frq(n,m)<= (5*fs3) +rem32 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)  >= (6*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(6*fs3)+rem32  ( 1,  n)  +  (res/2 ) )  |  .  . . 

(sgn_frq(n,in)>=(7*fs3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(7*fs3)+rem32  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (8*f s3) +rem32 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(8*fs3)+rem32(l,n)  +  (res/2))  |  .  .  . 

(sgn_frq(n,m) >= (0*f s3) +rem33 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(0*fs3)+rem33(l,n)+(res/2))  | . . . 

( sgn_f rq (n, m) >= (l*f s3 ) +rem33 ( 1 , n) - (res/2 )  & 
sgn_frq(n,m)<=(l*fs3)+rem33 (l,n)+(res/2) )  | . . . 

(sgn_frq(n,m) >= (2*fs3) +rem33 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs3)+rem33 (l,n)+(res/2) )  | . . . 

(sgn_frq(n,m) >= (3*fs3) +rem33 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem33(l,n)  +  (res/2) )  | . .  . 

(sgn_frq(n,m) >=(4*fs3)+rem33 (l,n) - (res/2)  & 
sgn_frq(n,in)<=(4*fs3)+rem33(l,n)  +  (res/2) )  |  .  .  . 
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(sgn_frq{n,in) >=  (5*fs3)  +rem33  (l,n)  -  {res/2)  & 
sgn_frq(n,m) <= (5*fs3) +rem33 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq(n,in) >=  (6*fs3)  +rem33  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs3)+rem33 (l,n)  +  (res/2) )  |  , 

(sgn_frq{n,m)  >=  (7*f  s3)  +rein33  (1  ,n)  -  {res/2 )  & 
sgn__frq(n,m)<=(7*fs3)+rem33  (l,n)  +  (res/2)  )  |..- 

(sgn_frq{n,m)  >=  (8*fs3 )  +rem33  (1  ,n)  -  (res/2 )  & 
sgn_frq(n,m) <= (8*f s3) +rem33 (l,n)  +  {res/2 ) )  |  . 

(sgn_frq(n,m) >= ( 0*fs3 ) +rem34 (1 ,n) - {res/2 )  & 
sgn_frq{n,m) <= {0*f s3 ) +rem34 {l,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq{n,m) >= {l*fs3 ) +rem34 {l,n) - {res/2 )  & 
sgn_frq{n,m)<={l*fs3)+rein34{l,n)  +  { res/2)  )  |  .  .  . 

(sgn_frq{n,m)>={2*fs3)  +rem34  {l,n)  -  {res/2)  & 
sgn_frq{n,m) <= {2*f s3 ) +rem34 {l,n) + {res/2 ) )  |..- 

{sgn_frq{n,m) >= {3*fs3 ) +rem34 {l,n) - {res/2 )  & 
sgn_frq{n,m)<={3*fs3)+rem34{l,n)  +  {res/2)  )  |  . .  . 

(sgn_frq{n,m)>={4*fs3)  +rein34  {l,n)  -‘{res/2)  & 
sgn_frq{n,m)<={4*fs3)+rem34{l,n)  +  {res/2)  )  |  . . . 

{sgn_frq{n,m)>=  {5*fs3)  +rein34  {l,n)  -  {res/2)  & 
sgn_frq{n,m)<={5*fs3)+rem34{l,n)+(res/2) )  | . . . 

(sgn_frq{n,m)  >=  {6*fs3)  +rein34  (1, n)  -  {res/2 )  & 
sgn_frq{n,in)  <=  {6*f s3 )  +rem34  {l,n)  +  {res/2 )  )  |  .  .  . 

(sgn_frq{n,in) >=  {7*f s3 )  +rem34  {l,n)  -  {res/2)  & 
sgn_frq{n,m) <= {7*f s3 ) +rem34 {l,n)  +  {res/2 ) )  | .  .  . 

(sgn_frq{n,m) >= {8*f s3 ) +rem34 (1, n) - {res/2 )  & 
sgn_frq{n,m) <=  {8*fs3)  +rein34  {l,n)  +  {res/2)  )  ) 

sgn_frq(n,m)  =sgn_frq{n,m)  ; 

else 

sgn_frq(n,m)  =-2; 

end 

end 

signall (n) =-l;  %-l  is  an  "empty  flag"  indicating  no 

frequency  has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 

signal3 (n) =-l; 

signal4 (n) =-l; 

for  m=l:64 

if  sgn_frq{n,m)  >=0  &  sgn_frq{n,m)<=8e9 
if  signall (n) ==-l 

signall (n) =sgn_frq{n,m) ; 
elseif  signal2 {n)==-l  &  ... 

{sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq{n,m)  >=signall  (n)  +res) 

signal2 (n) =sgn_frq{n,m) ; 
elseif  signal3 (n) ==-l  &  ... 

(sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq{n,m) >=signall (n) +res)  &  , . . 

(sgn_frq{n,m)  <=signal2  (n)  -res  | 
sgn_frq{n,m)  >=signal2  (n)  +res) 

signal3  (n)  =sgn__frq  {n,m)  ; 
elseif  signal4 (n) ==-l  &  ... 
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(sgn__frq(n,in)  <=signall  (n)  -res  | 
sgn_frq{n,m)  >=signall  (n) +res)  &.  ... 

(sgn_frq{n,m)<=signal2 (n) -res  | 
sgn_frq(n,m) >=signal2 (n) +res)  &  ... 

{sgn_frq(n,m)<=signal3 (n) -res  | 
sgn_frq(n,m) >=signal3 (n) +res) 

signal4  (n)  =sgn_frq(n,in)  ; 

end 

end 

end 

%output 

format  short  e 
output= [ f_inputl 
f_input2 
f_input3 
f_input4 
signal 1 
signal2 
signal3 
signal4] 

end 


%cr t_3  s  f _5  sgn . m 

%This  program  implements  the  Chinese  Remainder  Theorem 

%To  solve  for  f==ai  (mod  mi)  where  i=l,2,...,r  ("=="  indicates 
%congruance  and  mi  are  pairwise  relatively  prime,  (i.e.  their 
%greatest  common  divisor  is  1),  the  Chinese  Remainder  Theorem 
%states  that  there  is  a  unique  solution  modulo  M=ml*m2* .  .  .mr . 

%A  standard  method  of  solution  is  to  find  integers  bi  such  that 
%M/mi*bi=l  (mod  mi)  where  i=l,2,...,r  and  substitute  them  into 
%equation  f  =M/ml*al*bi+M/m2*a2*b2+ .  .  . +M/mr*ar*br  (mod  M) 


clear  all 

%initialization  part:  obtains  all  the  parameters  required 


fsl=input ( 'Enter  the  first  sampling  frequency:');  %the 

first  sampling  frequency  that  will  be  used 

fs2=input ( 'Enter  the  second  sampling  frequency:');  %the 

second  sampling  frequency  that  will  be  used 

fs3=input ( 'Enter  the  third  sampling  frequency:');  %the 

third  sampling  frequency  that  will  be  used 

res=input( 'Enter  the  resolution (25,  10,  5  MHz):');  %the 

resolution  that  will  be  used 

itr=50;  %how 

many  debugging  tries  that  will  be  made 
f input 

for  n=l:itr 


109 


%the 


f_inputl  (n)  =f  input  In¬ 
frequency  of  the  first  input  signal 

f_input2 (n) =f input2 ;  %the 

frequency  of  the  second  input  signal 

f_input3 (n) =f inputs ;  %the 

frequency  of  the  third  input  signal 

f_input4 (n) =finput4;  %the 

frequency  of  the  fourth  input  signal 

f_input5 (n) =f input 5;  %the 

frequency  of  the  fifth  input  signal 

%siinulation  part:  finds  the  remainders  and  estimates  bin  nximbers 
for  them 

modl=fsl/res;  %modl  is  first  sampling 

frequency  in  terms  of  bins 

quotll  (n)  =f ix{f_inputl  (n) /fsl)  ;  %first  quotient  for  sfl 

remll  (n)  =f_inputl  (n) -quotll  (n)  *fsl;  %first  remainder  for 

sfl 

binll  (n)  =round{modl*  (remll  (n) /fsl) )  ;  %first  estimated  bin 

number  for  sfl 

quotl2  (n)  =fix(f_input2  (n)  /fsl)  ; 

sfl 

reml2  (n)  =f_input2  (n)  -quotl2  (n)  *f  si  ; 

sfl 

binl2  (n)  =round{modl*  (reml2  (n)  /fsl) )  ; 
number  for  sfl 

quotl3  (n)  =fix(f_input3  (n)  /fsl)  ; 
sfl,  signals 

reml3 (n) =f_input3 (n) -quotlS (n) *fsl; 
sfl,  signals 

binlS (n) =round(modl* (remlS (n) /fsl) ) ; 
number  for  sfl,  signals 

quotl4 (n) =f ix(f_input4 (n) /fsl)  ; 
sfl,  signal4 

reml4  (n)  =f_input4  (n)  -quotl4  (n)  *fsl; 
sfl,  signal4 

binl4  (n)  =round(modl*  (reml4  (n)  /fsl) )  ; 
number  for  sfl,  signal4 

quotlS  (n)  =fix(f_input5  (n)  /fsl)  ; 
sfl,  signals 

remlS (n) =f_input5 (n) -quotlS (n) *fsl; 
sfl,  signals 

binlS  (n)  =round(modl*  (remlS  (n)  /fsl) )  ; 
number  for  sfl,  signals 

mod2=fs2/res;  %mod2  is  second 

sampling  frequency  in  terms  of  bins 

quot21  (n)  =fix(f__inputl (n) /fs2)  ;  %first  quotient  for  sf2 

rem21  (n)  =f_inputl  (n)  “quot21  (n)  *fs2 ;  %first  remainder  for 

sf2 


%fifth  quotient  for 
%fifth  remainder  for 
%fifth  estimated  bin 


%fourth  quotient  for 
% fourth  remainder  for 
%fourth  estimated  bin 


%third  quotient  for 
%third  remainder  for 
%third  estimated  bin 


%second  quotient  for 
%second  remainder  for 
%second  estimated  bin 
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%first  estimated  bin 


bin21 (n) =round(mod2* (rem21 (n) /fs2) ) ; 
number  for  sf2 

quot22 (n) =fix(f_input2 (n) /fs2)  ;  %second  quotient  for 

sf2 

rem22(n)=f_input2(n)-quot22(n)*fs2;  %second  remainder  for 

sf2 

bin22  (n)  =round(mod2*  (rein22  (n) /fs2) )  ;  %second  estimated  bin 

number  for  sf2 

quot23(n)=fix{f_input3(n)/fs2)  ;  %third  quotient  for 

sf2,  signal3 

rem23(n)=f_input3{n)-quot23(n)*fs2;  %third  remainder  for 

sf2,  signal3 

bin23 (n)=roimd(mod2*{rem23 (n) /fs2) ) ;  %third  estimated  bin 

ntimber  for  sf2,  signal3 

quot24(n)=fix(f_input4(n)/fs2)  ;  %fourth  quotient  for 

sf2,  signal4 

rem24(n)=f_input4(n)-quot24(n)*fs2;  %fourth  remainder  for 

sf2,  signal4 

bin24  (n)  =round(mod2*  (rem24  (n) /fs2) )  ;  %fourth  estimated  bin 

number  for  sf2,  signal4 

quot25(n)=fix(f_input5(n)/fs2)  ;  %fourth  quotient  for 

sf2,  signals 

rem25(n)=f_input5(n)-quot25(n)*fs2;  %fourth  remainder  for 

sf2,  signals 

bin2S (n) =round(mod2* (rem2S (n) /fs2) ) ;  %fourth  estimated  bin 

number  for  sf2,  signals 

%sample  the  signals  1,  2,  3,  4,  and  S  with  fs3 

mod3=fs3/res;  %mod2  is  second 

sampling  frequency  in  terms  of  bins 

quot31 (n) =fix(f_inputl (n) /fs3) ;  %first  quotient  for 

fs3,  signall 

rem31  (n)  =f_inputl  (n) -quot31  (n)  *fs3;  %first  remainder  for 

fs3,  signall 

bin31 (n) =round(mod3* (remSl (n) /fs3) ) ;  %first  estimated  bin 

number  for  fs3,  signall 

quot32 (n)=fix(f_input2 (n) /fs3)  ;  %second  quotient  for 

fs3,  signal2 

rem32(n)=f_input2(n)-quot32(n)*fs3;  %second  remainder  for 

fs3,  signal2 

bin32 (n)=round(mod3* {rem32 (n) /fs3) )  ;  %second  estimated  bin 

number  for  fs3,  signal2 

guot33 (n)=fix(f_input3 (n) /fs3)  ;  %third  quotient  for 

fs3,  signal3 

rem33(n)=f_input3{n)-quot33(n)*fs3;  %third  remainder  for 

fs3,  signal 3 

bin33 (n) =round(mod3* (rem33 (n) /fs3) ) ;  %third  estimated  bin 

number  for  fs3,  signal3 
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quot34 (n) =f ix (f_input4 (n) /fs3) ; 
fs3,  signal4 

rem34  (n)  =f_input4  (n)  --quot34  (n)  *f  s3 ; 
fs3,  signal4 

bin34  (n)  =round(inod3*  (rem34  (n)  /fs3)  )  ; 
niimber  for  fs3,  signal4 


%fourth  quotient  for 
% fourth  remainder  for 
%fourth  estimated  bin 


quot35 (n) =fix{f_input5 (n) /f s3) ; 
fs3/  signals 

rem35 (n) =f_input5 (n) -quot35 (n) *f s3 ; 
fs3,  signals 

bin3S (n) =round(mod3* (rem3S (n) /fs3) ) ; 
number  for  fs3,  signals 


%fourth  quotient  for 
% fourth  remainder  for 
%fourth  estimated  bin 


%iteration  part;  calculates  bi's,  which  are  necessary  to  find 
"sgn_bin" 

M=modl*mod2*mod3;  %M  is  an  integer  that  is  defined  in 

CRT 

bl=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod  (  (M/modl)  *bl , modi) -'=1  ; 
bl=bl+l; 

end 

b2=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod  (  (M/mod2 )  *b2 ,  mod2 )  -=1  ; 
b2=b2+l; 

end 

b3=0;  %integer  we  have  to  find  in  order 

to  solve  for  real  frequency 

while  mod(  (M/mod3)  *b3,mod3) -=1; 
b3=b3+l; 

end 


%calculation  part:  calcuates  the  input  frequency  using  remainders 
sgn_bin(n,  12S)  =0;  %signal  in  terms  of  bin  numbers 

sgn_bin  (n,  1)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n,  2)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin (n, 3 ) = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3 )  *bin33  (n)  *b3  ; 
sgn_bin  (n,  4)  = 

(M/modl)  *binll  (n)  *bl+ (M/mod2 )  *bin21  (n)  *b2+ (M/mod3 )  *bin34  (n)  *b3; 
sgn_bin(n,  S)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin2 1  (n)  *b2+  (M/mod3 )  *bin3S  (n)  *b3  ; 
sgn_bin(n,  6)  = 

(M/modl )  *binll  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n,  7)  = 

(M/modl)  *binll  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin32  (n)  *b3; 
sgn_bin  (n,  8)  = 

(M/modl)  *binll(n)  *bl+ (M/mod2 )  *bin22  (n)  *b2+ (M/mod3)  *bin33  (n)  *b3; 
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sgn_bin(n, 9) = 

(M/modl)  *binll  (n)  *bl+ (M/inod2 )  *bin22  (n)  *b2+  (M/inod3)  *bin34  (n)  *b3; 
sgn_bin(n, 10) = 

(M/modl) *binll (n) *bl+(M/mod2) *bin22 (n) *b2+ (M/mod3) *bin35 (n) *b3; 
sgn_bin(n, 11)= 

(M/modl) *binll(n) *bl+(M/mod2) *bin23 (n) *b2+ (M/mod3) *bin31 (n) *b3; 
sgn_bin(n,12)= 

(M/modl) *binll (n) *bl+ (M/mod2 ) *bin23 (n) *b2+ (M/mod3 ) *bin32 (n) *b3 ; 
sgn_bin(n,13)= 

(M/modl) *binll(n) *bl+(M/mod2) *bin23 (n) *b2+ (M/mod3) *bin33 (n) *b3; 
sgn_bin(n, 14) = 

(M/modl) *binll(n) *bl+ (M/mod2 ) *bin23 (n) *b2+ (M/mod3 ) *bin34 (n) *b3; 
sgn_bin(n, 15) = 

(M/modl) *binll(n) *bl+ (M/mod2 ) *bin23 (n) *b2+ (M/mod3 ) *bin35 (n) *b3; 
sgn_bin(n,16)= 

(M/modl) *binll(n) *bl+ (M/mod2) *bin24 (n) *b2+ (M/mod3) *bin31 (n) *b3; 
sgn_bin(n, 17) = 

(M/modl) *binll(n) *bl+(M/mod2) *bin24 (n) *b2+ (M/mod3) *bin32 (n) *b3; 
sgn_bin(n,18)= 

(M/modl) *binll (n) *bl+(M/mod2) *bin24 (n) *b2+ (M/mod3) *bin33 (n) *b3; 
sgn_bin(n, 19) = 

(M/modl) *binll (n) *bl+(M/mod2) *bin24 (n) *b2+ (M/mod3) *bin34 (n) *b3; 
sgn_bin(n,20)= 

(M/modl) *binll(n) *bl+ (M/mod2) *bin24 (n) *b2+ (M/mod3) *bin35 (n) *b3; 
sgn_bin(n, 21) = 

(M/modl) *binll (n) *bl+ (M/mod2) *bin25 (n) *b2+ (M/mod3) *bin31 (n) *b3; 
sgn_bin(n, 22 ) = 

(M/modl) *binll (n) *bl+ (M/mod2 ) *bin25 (n) *b2+ (M/mod3 ) *bin32 (n) *b3 ; 
sgn_bin(n,23)= 

(M/modl) *binll (n) *bl+ (M/mod2 ) *bin25 (n) *b2+ (M/mod3 ) *bin33 (n) *b3 ; 
sgn_bin(n, 24) = 

(M/modl) *binll (n) *bl+ (M/mod2) *bin25 (n) *b2+ (M/mod3) *bin34 (n) *b3; 
sgn_bin(n,25)= 

(M/modl) *binll (n) *bl+ (M/mod2) *bin25 (n) *b2+ (M/mod3) *bin35 (n) *b3; 
sgn_bin(n,26)= 

(M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin21 (n) *b2+ (M/mod3) *bin31 (n) *b3 ; 
sgn_bin(n,27)= 

(M/modl) *binl2 (n) *bl+ (M/mod2) *bin21 (n) *b2+ (M/mod3) *bin32 (n) *b3; 
sgn_bin(n, 28) = 

(M/modl) *binl2 (n) *bl+(M/mod2) *bin21 (n) *b2+ (M/mod3) *bin33 (n) *b3; 
sgn_bin(n,29)= 

(M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin21 (n) *b2+ (M/mod3) *bin34 (n) *b3; 
sgn_bin(n,30)= 

(M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin35  (n)  *b3 ; 
sgn_bin (n, 31) = 

(M/modl) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+ (M/mod3 ) *bin31 (n) *b3 ; 
sgn_bin(n, 32) = 

(M/modl ) *binl2 (n) *bl+ (M/mod2 ) *bin22 (n) *b2+ (M/mod3 ) *bin32 (n) *b3 ; 
sgn_bin(n, 33) = 

(M/modl)  ■*binl2 (n) *bl+(M/mod2) *bin22 (n) *b2+ (M/mod3 ) *bin33 (n) *b3; 
sgn_bin(n, 34) = 

(M/modl) *binl2 (n) *bl+ (M/mod2) *bin22 (n) *b2+ (M/mod3 ) *bin34 (n) *b3; 
sgn_bin(n, 35) = 

(M/modl) *binl2 (n) *bl+ (M/mod2) *bin22 (n) *b2+ (M/mod3 ) *bin35 (n) *b3; 
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sgn_bin (n, 36) = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3 
sgn_bin{n, 37) = 

(M/modl)  *binl2  (n)  *bl+  (M/inod2)  *bin23  (n)  *b2+  (M/mod3)  *bin32  (n)  *b3 
sgn_bin{n,38)= 

(M/modl)  *binl2  (n)  *bl+(M/mod2)  *bin23  (n)  *b2+(M/mod3)  *bin33  (n)  *b3 
sgn_bin(n,39)= 

(M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3 
sgn_bin(n, 40) = 

(M/modl)  *binl2  (n)  *bl+(M/mod2)  *bin23  (n)  *b2+(M/mod3)  *bin35  (n)  *b3 
sgn_bin (n, 41) = 

(M/modl)  *binl2  (n)  *bl+{M/mod2)  *bin24  (n)  *b2+(M/mod3)  *bin31  (n)  *b3 
sgn_bin(n, 42) = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3 
sgn_bin(n,  43)  = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  *bin33  (n)  *b3 
sgn__bin(n,  44)  = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3 
sgn_bin(n, 45) = 

(M/modl)  *binl2  (n)  *bl+{M/mod2)  *bin24(n)  *b2+(M/mod3)  *bin35  (n)  *b3 
sgn_bin(n, 46) = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3 
sgn_bin(n,47) = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3)  *bin32  (n)  *b3 
sgn_bin  (ri/  48 )  = 

(M/modl)  *binl2  (n)  *bl+{M/mod2)  *bin25  (n)  *b2+(M/mod3)  *bin33  (n)  *b3 
sgn_bin{n,49)= 

(M/modl)  *binl2  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3 
sgn_bin(n, 50) = 

(M/modl)  *binl2  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bin35  (n)  *b3 
sgn_bin(n, 51) = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3 
sgn_bin{n, 52) = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3 
sgn_bin(n,  53 )  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin33  (n)  *b3 
sgn__bin  (n,  54)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3 
sgn_bin(n,  55)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin35  (n)  *b3 
sgn_bin(n,  56)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3 
sgn_bin(n,  57)  = 

(M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin22  (n)  *b2+(M/mod3)  *bin32  (n)  *b3 
sgn_bin(n,  58)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin33  (n)  *b3 
sgn_bin(n,  59)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3 
sgn_bin(n,  60)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  {M/mod3)  *bin35  (n)  *b3 
sgn_bin (n,  61)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3 
sgn_bin  (n,  62)  = 

(M/modl)  *binl3  (n)  *bl+{M/mod2)  *bin23  (n)  *b2+(M/mod3)  *bin32  (n)  ’^b3; 
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sgn_bin(n, 63) = 

(M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin23  (n)  *b2+ (M/inod3)  *bin33  (n)  *b3; 
sgn_bin(n, 64)= 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3 ; 
sgn_bin{n,  65)  = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bin35  (n)  *b3 ; 
sgn_bin (n, 66) = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3 ; 
sgn_bin(n, 67) = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin (n, 68) = 

(M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin24  (n)  *b2+(M/mod3)  *bin33  (n)  *b3; 
sgn_bin(n,  69)  = 

(M/modl)  *binl3  (n)  *bl+(M/mod2)  *bin24  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3; 
sgn_bin (n, 70) = 

(M/modl)  *binl3  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3)  *bin35  (n)  *b3; 
sgn_bin (n, 71) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3; 
sgn_bin(n, 72) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin (n, 73) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  {M/mod3)  *bin33  (n)  *b3  ; 
sgn_bin(n, 74) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3; 
sgn_bin(n, 75) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bin35  (n)  *b3  ; 
sgn_bin (n, 76) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3; 
sgn_bin(n,77)= 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin32  (n)  *b3; 
sgn_bin (n, 78) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin33  (n)  »b3; 
sgn_bin (n, 79) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3  ; 
sgn_bin (n, 80) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin22  (n)  *b2+  (M/mod3)  *bin35  (n)  *b3 ; 
sgn_bin(n, 81) = 

(M/modl)  *binl4  (n)  *bl+ (M/mod2 )  *bin23  (n)  *b2+  (M/mod3)  *bin31  (n)  *b3; 
sgn_bin(n, 82)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  *bin32  (n)  *b3; 
sgn_bin(n, 83 )  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3 )  *bin33  (n)  *b3; 
sgn_bin(n, 84)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  *bin34  (n)  *b3  ; 
sgn_bin(n, 85)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin23  (n)  *b2+  (M/mod3)  *bin35  (n)  *b3; 
sgn_bin (n, 86 ) = 

(M/modl)  *binl4(n)  *bl+(M/mod2)  *bin24  (n)  *b2+(M/mod3)  *bin31(n)  *b3; 
sgn_bin(n,87)= 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin (n, 88) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3)  *bin33  (n)  *b3; 
sgn_bin(n, 89) = 

(M/modl )  *binl4  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3  ; 
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sgn_bin(n,  90)  = 

(M/modl)  *binl4(n)  *bl+ (M/mod2)  *bin24(n)  *b2+ (M/mod3 )  *bin35  (n)  *b3; 
sgn_bin{n, 91) = 

(M/modl)  *binl4  (n)  *bl+  {M/mod2 )  *bin25  (n)  •^b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n,  92)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  {M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin(n,  93)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  {M/mod3 )  *bin33  (n)  *b3  ; 
sgn_bin(n,  94)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3  ; 
sgn_bin(n, 95) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bin35  (n)  *b3; 
sgn_bin(n, 96) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  (M/mod3 )  *bin31  (n)  *b3  ; 
sgn_bin(n, 97) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  {M/mod3 )  *bin32  (n)  *b3  ; 
sgn_bin(n, 98) = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3)  *bin33  (n)  *b3  ; 
sgn__bin(n,  99)  = 

(M/modl)  *binl4  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  (M/mod3 )  *bin34  (n)  *b3  ; 

sgn__bin (n,  100)  =  (M/modl)  *binl4  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n35(n)*b3; 

sgn_bin  (n,  101)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bi 
n31(n)*b3; 

sgn_bin (n,  102)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bi 
n32{n)*b3; 

sgn__bin(n,  103)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2)  *bin21  (n)  *b2+  (M/mod3)  *bi 
n33 (n) *b3; 

sgn_bin(n,  104)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3)  *bi 
n34  (n)  *b3  ; 

sgn__bin  (n,  105)  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin21  (n)  *b2+  (M/mod3 )  *bi 
n35(n)*b3; 

sgn_bin  (n,  106)  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2  )  *bin22  (n)  *b2+  (M/mod3 )  *bi 
n31(n)*b3; 

sgn_bin (n,  107)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bi 
n32(n)*b3; 

sgn_bin (n,  108)  =  (M/modl)  *binl5  (n)  *bl+  {M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bi 
n33 (n) *b3 ; 

sgn_bin (n,  109)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bi 
n34 (n) *b3 ; 

sgn_bin (n,  110)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin22  (n)  *b2+  (M/mod3 )  *bi 
n35(n) *b3; 
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sgn_bin  (n.  111)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  {M/inod3 )  *bi 
n31(n) *b3; 


sgn_bin  (n,  112  )  =  (M/modl)  *binl5  (n)  *bl+(M/mod2)  *bin23  (n)  *b2+  {M/mod3)  *bi 
n32(n)*b3; 


sgn_bin  (n,  113 )  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bi 
n33(n)*b3; 


sgn_bin  (n.  114 )  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bi 
n34(n)*b3; 


sgn_bin  (n,  115 )  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin23  (n)  *b2+  (M/mod3 )  *bi 
n35(n) *b3; 


sgn_bin  (n,  116 )  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bifi24  (n)  *b2+  (M/mod3 )  *bi 
n31(n) *b3; 


sgn_bin  (n,  117 )  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bi 
n32(n)*b3; 


sgn_bin  (n,  118 )  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bi 
n33(n)*b3; 


sgn_bin  (n,  119 )  =  (M/modl )  *binl5  (n)  *bl+  (M/mod2 )  *bin24  (n)  *b2+  (M/mod3 )  *bi 
n34 (n) *b3; 


sgn_bin  (n,  120)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2)  *bin24  (n)  *b2+  (M/mod3 )  *bi 
n35(n)*b3; 


sgn_bin  (n,  121 )  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n31(n) *b3; 


sgn_bin  (n,  122 )  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2 )  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n32(n)*b3; 


sgn_bin  (n,  123)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n33(n)*b3; 


sgn_bin  (n,  124)  =  (M/modl)  *binl 5  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n34(n) *b3; 


sgn_bin  (n,  125)  =  (M/modl)  *binl5  (n)  *bl+  (M/mod2)  *bin25  (n)  *b2+  (M/mod3 )  *bi 
n35(n) *b3; 

sgn_bin=mod(sgn_bin,M) ;  %real  frequency  in  terms  of  bin  numbers 

%correct  some  erroneous  results  occur  for  10  MHz  resolution 
if  sgn_bin(n) >892700. 5  &  sgn_bin(n) <893500. 5 
sgn_bin(n) =sgn_bin(n) -892700.5  ; 
elseif  sgn_bin(n) >641999. 5  &  sgn_bin (n) <642799 . 5 
sgn_bin(n) =sgn_bin(n) -641999 .5  ; 
elseif  sgn_bin(n) >460100. 5  &  sgn_bin (n) <460900 . 5 
sgn_bin(n) =sgn_bin(n) -460100 .5  ; 
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elseif  sgn_bin  (n)  >432600 . 5  &  sgn_bin  (n)  <433400 . 5 
sgn_bin(n)=sgn_bin(n)  -432600.5  ; 
elseif  sgn_bin{n)  >209399. 5  &  sgn_bin  (n)  <210199 . 5 
sgn_bin(n)  =sgn_bin(n)  -209399.5  ; 

end 

sgn_frq=sgn_bin*res;  %real  frequency  in  teirms  of  frequency 

%  estimation  part:  estimates  which  "sgn_frq”  ies  are  correct 
according  to  the  following  steps: 

%  first,  check  whether  the  "sgn_frq"  is  in  the  correct  range  (1-8 

GHz) 

%  second,  check  1) whether  the  "signal"  is  empty  and, 

%  2) if  so,  whether  the  "sgn_frq"  is  different 

%  than  the  former  choosen  one(s) 

%  third,  if  so  assign  the  "sgn_frq"  to  the  "signal" 

for  m=l:125 

if  sgn_frq(n,m)  >=0  &  sgn_frq{n,m)  <=8e9 
sgn_frq(n,m)  =sgn_frq(n,m)  ; 
else 

sgn_frq{n,m)  =-2; 

end 

end 

for  m=l:125 

if  (  (sgn_frq(n,m)  >=  (0*f si) +remll  (1,  n)  -  (res/2 )  & 

sgn_frq (n,m) <= (0*f si) +remll (1, n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (l*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (l*fsl) +remll (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (2*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (2*fsl) +remll (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*f si)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (3*f si) +remll (1, n)  +  (res/ 2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (4*fsl) +remll (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (5*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (5*fsl) +remll (l,n)  +  (res/2 ) )  |  . . . 

(sgn_frq(n,m)  >=  (6*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fsl)+remll(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)  >=  (7*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (7*f si) +remll (l,n)  +  (res/ 2 ) )  |  .  .  . 

(sgn_frq(n,m) >=  (8*fsl)  +remll  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (8*fsl) +remll (l,n)  +  (res/ 2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (0*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (0*fsl) +reml2 (l,n)  +  (res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (l*fsl)  +reml2  (1, n)  -  (res/2 )  & 
sgn_frq(n,m) <=  (l*fsl)  +reml2  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (2*f si)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (2*fsl)  -freml2  (l,n)  +  (res/2 )  )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_f rq(n,m) <= (3*fsl) +reml2 (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <=  (4*fsl)  +reml2  (l,n)  +  (res/2)  )  |  .  .  . 
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(sgn_frq(n,in)>=(5*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frg(n,m) <=(5*f si) +reml2(l,n)  + {res/2) )  | . .  . 

(sgn_frq(n,m)>=(6*fsl)+reml2 (l,n) -(res/2)  & 
sgn_frq(n,m)<=(6*fsl)+reinl2(l,n)  +  {res/2) )  |  .  .  . 

(sgn_frq(n,in)>={7*fsl)  +reml2  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fsl)+reml2(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(8*fsl)+reml2(l,n) -(res/2)  & 
sgn_frq(n,m)<=(8*fsl)+renil2{l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq{n,m)>=(0*fsl)+reml3(l,n) -(res/2)  & 
sgn_frq(n,m)<=(0*fsl)+reml3 (l,n) + (res/2) )  | . . . 

{sgn_frq(n,in)>=(l*fsl)  +reml3  (l,n)  -  (res/2)  & 
sgn_frq{n,m)<=(l*fsl)+reinl3(l,n)  + (res/2) )  |  . .  . 

(sgn_frq(n,m)>= (2*fsl) +reml3 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fsl)+reml3(l,n)+(res/2) )  | . . . 

(sgn_frq{n,in)>=  (3*fsl) +reml3  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fsl)+rertil3(l,n)  +  {res/2) )  |  . . . 

{sgn_frq(n,m)>={4*fsl)+reml3(l,n)- {res/2)  & 
sgn_frq(n,m)<=(4*fsl)+reml3(l,n)+{res/2) )  | . . . 

{sgn_frq(n,m)>=(6*fsl)+reml3 (l,n) -(res/2)  & 
sgn_frq{n,m)<=(6*fsl)+reml3(l,n)  +  {res/2) )  | . . . 

(sgn_frq{n,m)>= (7*fsl) +reml3 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fsl)+reinl3(l,n)  +  {res/2) )  |  .  .  . 

{sgn_frq(n,in)  >=  (8*fsl)  +reinl3  (l,n)  -  (res/ 2 )  & 
sgn_frq(n,m)<=(8*fsl)+reml3 (l,n)  +  (res/2) )  | .  .  . 

{sgn_frq(n,ni)>=(0*fsl)+reinl4  (l,n)  -  (res/2)  & 
sgn_frq{n,m)<=(0*fsl)+reinl4(l,n)  +  (res/2) )  | . . . 

(sgn_frq(n,m)>=(l*fsl)+reml4{l,n) -(res/2)  & 
sgn_f rq (n, m) <=(l*f SI )+reinl4(l,n)  + (res/2) )  |  .  .  . 

{sgn_frq(n,m)  >=  {2*fsl)  +reinl4  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(2*f si) +reml4(l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>=(3*fsl)+reml4 (l,n) - (res/2)  & 
sgn_frg(n,m)<=(3*fsl)+reinl4{l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,m)>=(4*fsl)+reml4(l,n) -(res/2)  & 
sgn_f rq(n,in)<=(4*f si) +reml4(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(5*fsl)+reml4(l,n) -(res/2)  & 
sgn_frg(n,in)<=(5*fsl)+reml4(l,n)  +  {res/2)  )  |  .  .  . 

(sgn_frq(n,m)>=(6*fsl)+reml4(l,n) -(res/2)  & 
sgi>_frq{n,in)<=(6*fsl)+reml4(l,n)  + {res/2) )  |  .  . . 

(sgn_frq(n,in)>=  (7*fsl)  +reinl4  (l,n)  -  {res/2)  & 
sgn_frq(n,m)<={7*fsl)+reinl4(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=  (8*fsl)  +reinl4(l,n)  -  (res/2)  & 
sgn_f rq (n, m) <= (8*f si )+reml4(l,n)  + (res/2) )  | .  .  . 

(sgn_frq(n,m)>=(0*fsl)+reinl5(l,n)  -{res/2)  & 
sgn_frq(n,m)<={0*fsl)+reml5(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=  (l*fsl)  +reinl5  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(l*fsl)+reml5{l,n)+ (res/2) )  | . . . 

(sgn_f rq(n,m)>={ 2*f si )+reml5{l,n) -{res/2)  & 
sgn_f rq (n, m)<= (2*f si )+reml5{l,n)+ (res/2) )  | . . . 

(sgn_frg(n,m)>={3*fsl)+reml5(l,n) - (res/2)  & 
sgn_frq(n,m)<=(3*fsl)+reml5(l,n)  +  {res/2) )  |  .  .  . 

(sgn_frq(n,m)>=  (4*fsl)  +reinl5  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<={4*fsl)+reinl5(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>= (5*fsl) +reml5 (l,n) - {res/2)  & 
sgn_frq{n,m)<=(5*fsl)+reinl5(l,n)  +  (res/2) )  |  .  .  . 
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(sgn_frq (n,m) >- (6*f si) +reml5 (1 ,n) - (res/2 )  & 
sgn_frq(n,in)  <=  ( 6*f si)  +reml5  (1 , n)  +  (res/2 )  )  |  . 

(sgn__frq(n,m)  >=  (7*fsl)  +reml5  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (7*f si) +reml5 (1 , n)  +  (res/ 2 ) )  |  .  .  . 

(sgn_frq(n,m) >= (8*fsl) +reml5 (l,n) ~ (res/2)  & 
sgn_frq(n,m) <= (8*f si) +reml5 (l,n) + (res/2) )  ) 

sgn_frq(n,m)  =sgn_frq{n,m)  ; 

else 

sgn_frq(n,m)  =-2  ; 

end 

end 

for  m=l:125 

if  (  (sgn_frq(n,m)  >=  (0*fs2) +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs2)+rem21(l,n)  +  ( res/2) )  |  .  .  . 

(sgn__frq(n,m)  >=  (l*fs2)  +rem21  (l,n)  «  (res/2) 
sgn_frq(n,m)<=(l*fs2)+rem21(l,n)  +  ( res/2)  )  (  . .  . 

{sgn_frq(n,m)>= (2*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rem21(l,n)+{res/2) )  | . . . 

(sgn„frq(n,m)  >=  (3*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (3*f s2 ) +rem21 (1 ,n) + (res/2 ) )  | . , . 

{sgn_frq(n,m) >= (4*f s2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (4*fs2 ) +rem21 (1 ,n) + (res/2) )  | . . . 

(sgn_frq(n,in)  >=  (5*fs2)  +rein21  (l,n)  -  (res/2)  & 
sgn_f rq(n,m) <= (5*fs2) +rem21 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m) >= (6*fs2) +rem21 (l,n) - (res/2)  & 
sgn_frq(n,m)  <=  (6*f s2 )  +rein21  (1 , n)  +  (res/2 ) )  |  . 

(sgn_frq(n,m)  >=  (7*fs2)  +rein21  {l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rein21(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)  >=  {8*fs2)  +rein21  (l,n)  -  (res/ 2)  & 
sgn_frq(n,m) <= (8*f s2 ) +rem21 (1 ,n) + (res/2) )  | . . . 

{sgn_frq(n,m) >= (0*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (0*fs2) +rem22 (l,n)  +  (res/2) )  | .  .  . 

(sgn_frq (n,m) >= (l*fs2) +rem22 (l,n) - (res/2)  & 
sgn_frq(n,m)  <=  (l*fs2)  +rein22  (l,n)  +  (res/2)  )  |  . 

(sgn_frq(n,in)  >=  (2*fs2)  +rein22  {l,n)  -  {res/2)  & 
sgn_frq(n,m)<=(2*fs2)+rein22  (1, n)  +  {res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (3*fs2)  +rem22  (l,n)  -  {res/2)  & 
sgn_frq{n,m) <=  {3*fs2) +rem22  (1, n)  +  {res/2 ) )  |  .  .  . 

(sgn_frq(n,m)  >=  (4*fs2)  +rem22  (l,n)  -  {res/2)  & 
sgn_frq(n,m) <=  (4*fs2) +rein22  (l,n)  +  {res/2)  )  (  .  .  . 

(sgn_frq(n,in)  >=  {5*f s2)  +rem22  (l,n)  -  (res/2)  & 
sgn_frq{n,m) <=  (5*fs2) +rem22  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (6*f s2 ) +rem22 (1 ,n) - (res/2 )  & 
sgn_frq(n,m) <= (6*f s2) +rem22 (1, n) + (res/2) )  | , 

(sgn_frq{n,m)>=(7*fs2)+rem22 (l,n) -(res/2)  & 
sgn_frq(n,m) <=  (7*fs2) +rein22  {l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)  >=  (8*fs2)  +rein22  {l,n)  -  (res/2)  & 
sgn_frq(n,m) <= (8*fs2) +rem22 (1, n) + {res/2 ) )  | . 

(sgn_frq{n,m)  >=  (0*fs2)  +rein23  (l,n)  -  (res/2)  & 
sgn__frq{n,m) <=  (0*fs2)  +rem23  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)  >=  (l*fs2)  +rem23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <=  (l*f  s2 )  +rem23  (1/  n)  +  (res/2 )  )  |  .  .  . 
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(sgn_frq{n,m)>=(2*fs2)+rem23(l,n)- (res/2)  & 
sgn_frq(n,in)<=(2*fs2)+rem23(l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,in)>=(3*fs2)+rem23(l,n)- (res/2)  & 
sgn_frq(n,m)<={3*fs2)+rem23(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (4*fs2) +rem23 {l,n) - {res/2)  & 
sgn_frq(n,m)<=(4*fs2)+rem23(l,n)+{res/2) )  | . . . 

(sgn_frq(n,m) >= {5*fs2) +rem23 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fs2)+rem23{l,n)+(res/2) )  | . . . 

(sgn_frq(n,in)>=(6*fs2)+rem23  (l,n)  -  {res/2)  & 
sgn_frq(n,m)<={6*fs2)+rem23(l,n)  + (res/2) )  | . . . 

(sgn_frq{n,m)>={7*fs2)  +rein23  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rein23(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(8*fs2)+rem23 (l,n) -(res/2)  & 
sgn_frq{n,m)<=(8*fs2)+rein23  (l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m) >= (0*fs2) +rem24 (l,n) - {res/2)  & 
sgn_frq{n,m)<=(0*fs2)+rem24{l,n)  +  (res/2) )  |  .  . . 

{sgn_frq(n,m)>={l*fs2) +rem24 (l.n) - (res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem24(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(2*fs2)+rem24(l,n)- (res/2)  & 
sgn_frq(n,m)<={2*fs2)+rem24(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>={3*fs2)+rem24(l,n)-(res/2)  & 
sgn_frq(n,m)<=(3*fs2)+rein24(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(4*fs2)+rem24(l,n) -(res/2)  & 
sgn_frq(n,in)<=(4*fs2)+rem24(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(5*fs2)+rem24(l,n)  -(res/2)  & 
sgn_frq(n,m)<=(5*fs2)+rem24{l,n)  +  (res/2) )  [  .  .  . 

(sgn_frq(n,m)>=(6*fs2)+rem24(l,n) -(res/2)  & 
sgn_frq(n,m)<=(6*fs2)+rem24(l,n)+(res/2) )  | . . . 

(sgii_frq{n,m)>=  (7*fs2)+rem24(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rem24(l,n)+(res/2) )  | . . . 

(sgn_frq{n,m)>=(8*fs2) +rem24 (l,n) - (res/2)  & 
sgn_frq(n,in)<={8*fs2)+rem24(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(0*fs2)+rem25(l,n) -{res/2)  & 
sgn_frq{n,m)<=(0*fs2)+rem25{l,n)+ (res/2) )  | . . . 

(sgn_frq(n,in)>=  (l*fs2)  +rem25(l,n)  -  {res/2)  & 
sgn_frq(n,m)<=(l*fs2)+rem25(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>=(2*fs2)+rem25(l,n) -{res/2)  & 
sgn_frq(n,m) <={2*fs2)+rein25(l,n)  + {res/2) )  |  .  .  . 

{sgn_frq(n,m)>=(3*fs2)+rem25(l,n) -(res/2)  & 
sgn_frq(n,m)<={3*fs2)+rem25(l,n)+ (res/2) )  | . . . 

{sgn_frq(n,m)>={4*fs2)+rein25(l,ii)  -  (res/2)  & 
sgn_frq(n,in)<=(4*fs2)+rein25(l,n)  + (res/2) )  |  .  .  . 

(sgn_frq(n,m)>={5*fs2)+rem25{l,n) - (res/2)  & 
sgn_frq(n.m)<=(5*fs2)+rem25(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>={6*fs2)  +rein25  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(6*fs2)+rein25{l,n)  + (res/2) )  |  . .  . 

(sgn_frq{n,m)>={7*fs2)+rein25(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs2)+rem25(l,n)  +  (res/2) )  |  . .  . 

(sgn_frq(n,m)>=(8*fs2)+rein25(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs2)+rem25(l,n)+ (res/2) )  ) 

sgn_frq{n,in)  =sgn_frq(n,in)  ; 
else 

sgn_frq{n,in)  =-2  ; 

end 
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end 


for  in=l:125 

if  (  (sgn_frq{n,m)  >=  (0*fs3 ) +rein31  (l.n)  -  (res/2 )  & 
sgn_frq(n,m)<=(0*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m) >= (l*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m)  <= (l*f s3 ) +rem31 (l,n)  +  (res/2 ) )  | . . . 

(sgn_frq(n,m) >=  (2*fs3)  +rein31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(2*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,in)  >=  (3*fs3)  +rem31  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<= (3*fs3) +rem31 (l,n) + (res/2) )  | . . . 

(sgn_frq(n,m)  >=  (4*f  s3)  +rein31  (1,  n)  -  (res/2 )  & 
sgn_frq(n,m)<=(4*fs3)+rem31(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>= (5*fs3) +rem31 (l,n) - (res/2)  & 
sgn_frq(n,m) <=  (5*f s3)  +rein31  (l,n)  +  (res/2) )  |  . . . 

{sgn_frq(n,m) >= ( 6*fs3 ) +rem31 (l,n) - (res/2 )  & 
sgn_frq(n,in)<^  (6*fs3)  +rem31  (lyn)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m) >= (7*fs3) +rem31 (l,n) - (res/2)  & 
sgn__frq(nym)<=(7*fs3)+rem31(l,n)  +  (res/2)  )  |  . 

(sgn_frq(nym) >= (8*fs3) +rem31 (lyn) - (res/2 )  & 
sgn_frq(n,in) <=  (8*fs3)  +rem31  (lyn)  +  (res/2) )  |  .  .  . 

{sgn_frq(nym)  >=  (0*f s3)  +rein32  (lyn)  -  (res/2 )  & 
sgn_frq(nym) <= (0*f s3 ) +rem32 (lyn) + (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (l*fs3) +rem32 (lyn) - (res/2)  & 
sgn_f rq(nym)  <= (l*f s3) +rem32 (lyn)  +  (res/2 ) )  | . . . 

(sgn_frq(nym) >= (2*fs3) +rem32 (lyn) - (res/2 )  & 
sgn_frq (n,m)  <= (2*f s3 ) +rem32 (1 y n)  +  (res/2 ) )  | . . . 

(sgn_frq(n,m) >= (3*fs3) +rem32 (lyn) - (res/2)  & 
sgn_frq(nym)  <= (3*f s3 ) +rem32 (lyn)  +  (res/2 ) )  | . . . 

(sgn_frq(nym) >= (4*fs3) +rem32 (lyn) - (res/2)  & 
sgn_frq(n,m) <=  (4*fs3)  +rein32  (l,n)  +  (res/2)  )  |  .  .  . 

(sgn_frq(n,m)  >=  (5*fs3)  +rem32  (l,n)  -  (res/2)  & 
sgn_frq(n,m)  <= (5*f s3 ) +rem32 (l,n)  +  (res/2 ) )  | . . . 

(sgn__frq(n,m)  >=  (6*fs3 )  +rem32  (lyn)  -  (res/ 2 )  & 
sgn_frq(n,m)  <=  (6*f s3 )  +rem32  (ly n)  +  (res/ 2 )  )  |  .  .  . 

{sgn_frq(n,m) >= (7*fs3 ) +rem32 (1, n) - (res/2 )  & 
sgn_frq(n,m)  <= (7*fs3 ) +rem32 (lyn)  +  (res/2) )  | . . . 

(sgn_frq(n,m) >= (8*f s3) +rem32 (l,n) - (res/2 )  & 
sgn_frq(n,m)<=(8*fs3)+rem32 (lyn) + (res/2) )  | . . . 

(sgn_frq(nyin)  >=  (0*f s3 )  +rem33  (lyn)  -  (res/2)  & 
sgn_frq(nyin)  <=  (0*f s3 )  +rein33  (l,n)  +  (res/2)  )  |  .  . . 

(sgn_frq(n,m) >= (l*fs3 ) +rem33 (lyn) - (res/2 )  & 
sgn_frq(n,m)  <= (l*fs3 ) +rem33 (lyn)  +  (res/2 ) )  [ . . . 

(sgn_frq(nym) >= (2*f s3 ) +rem33 (lyn) - (res/2 )  & 
sgn_frq(nym)  <= (2*f s3 ) +rem33 (l,n)  +  (res/2 ) )  | . . . 

(sgn__frq(nym)>=(3*fs3)+rem33  (lyn)  -(res/2)  & 
sgn__frq(n,m) <=  (3*fs3)  +rem33  (l,n)  +  (res/2) )  |  .  .  . 

{sgn_frq(n,in)  >=  (4*f s3 )  +rein33  (lyn)  -  (res/2)  & 
sgn_frq(nym)<= (4*fs3) +rem33 (l,n) + (res/2) )  | . . . 

(sgn_frq(nyin)  >=  (5*f s3)  +rem33  (lyn)  -  (res/2 )  & 
sgn_frq(n,m) <=  (5*fs3)  +rem33  (lyn)  +  (res/2)  )  l--- 

(sgn„frq(n,m)  >=  (6*fs3 )  +rein33  (lyn)  -  (res/2 )  & 
sgn_frq(nym)  <=  (6*fs3 )  +rem33  (lyn)  +  (res/2) )  |  .  .  . 
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( sgn_frq(n,m) >= (7*f s3) +rem33 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rem33{l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,m)>=(8*fs3)+rem33 (l,n) - (res/2)  & 
sgn_frq(n,in)<=  (8*fs3)  +rem33  (l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,m) >= (0*fs3) +rem34 (l,n) - (res/ 2)  & 
sgn_frq(n,in)<=(0*fs3)+rem34(l,n)  +  (res/2) )  |  .  . . 

(sgn_frq(n,in) >= (l*fs3) +rem34 (l,n) - (res/2)  & 
sgn_frq(n,m) <= (l*fs3) +rem34 (l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)  >=  (2*fs3) +rein34  (l,n)  -  (res/2)  & 
sgn_frq(n,in)<=(2*fs3)+rem34(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)  >=  (3*fs3)  +rem34  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+rem34(l,n)  + (res/2) )  |  . . . 

(sgn_frq(n,in)>=(4*fs3)+rem34(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rein34(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq(n,in)>=(5*fs3)  +rem34  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(5*fs3)+rem34{l,n)+ (res/2) )  | . . . 

(sgn_frq(n,m)>=(6*fs3)+rem34(l,n) -(res/2)  & 
sgn_frq(n,m)<=(6*fs3)+reiti34(l,n)  + (res/2) )  |  .  . . 

(sgn_frq(n,in)>=(7*fs3)  +rem34  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(7*fs3)+rem34(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(8*fs3)+rem34(l,n) -(res/2)  & 
sgn_frq(n,m)<=(8*fs3)+rein34(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)>=(0*fs3)  +rem35  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(0*fs3)+rein35(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,in)>=(l*fs3)+rein35(l,n)  -(res/2)  & 
sgn_frq(n,m)<=(l*fs3)+reni35(l,n)  + (res/2) )  |  . . . 

( sgn_f rq (n,m)>=(2*fs3) +rem3 5(1, n)-( res/2)  & 
sgn_frq(n,m)<=(2*fs3)+rein35(l,n)  + (res/2) )  |  . . . 

(sgn_frq(n,m)>=(3*fs3)+rein35(l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(3*fs3)+reiti35(l,n)  +  (res/2) )  |  . . . 

(sgn_frq(n,m) >= (4*fs3 ) +rem35 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(4*fs3)+rein35(l,n)  +  (res/2) )  |  .  . . 

{sgn_frq(n,m)>={5*fs3) +rem35 (l,n) - (res/2)  & 
sgn_frq(n,m)<=(5*fs3)+rem35(l,n)+(res/2) )  | . . . 

(sgn_frq(n,m)>=(6*fs3)+rem35(l,n) -(res/2)  & 
sgn_frq(n,in)<=(6*fs3)+rem35(l,n)  +  (res/2) )  |  .  .  . 

(sgn_frq (n,in)  >=  (7*fs3)  +rem35  (l,n)  -  (res/2 )  & 
sgn_frq(n,m)<=(7*fs3)+rera35(l,n)  + (res/2) )  |  . . . 

(sgn_frq(n,ni)>=(8*fs3)  +rem35  (l,n)  -  (res/2)  & 
sgn_frq(n,m)<=(8*fs3),+rem35(l,n)  +  (res/2) )  ) 

sgn_frq(n,m) =sgn_frq(n,m)  ; 
else 

sgn_frq(n,m) =-2; 

end 

end 

signall (n) =-l;  %-l  is  an  "empty  flag"  indicating  no  frequency 

has  been 

signal2 (n) =-l;  %choosen  for  the  signal  yet 

signal3 (n) =-l; 

signal4 (n) =-l; 

'  signals (n) =-l; 

for  m=l:125 
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if  sgn_frq(n,m)  >=0  &  sgn_frq{n,in)  <=8e9 
if  signall (n) ==“1 

signall  (n)  =sgn_frq(n,ni)  ; 
elseif  signal2 (n) ==~1  &  ... 

{sgn_frq(n,m) <=signall (n) -res  | 
sgn_frq{n,m)  >=signall  (n)  +res) 

signal2  (n)  =sgn_frq(n,m)  ; 
elseif  signals (n) ==-l  &  ... 

{sgn__frq(n,m)<=signall  (n)  -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

{sgn_frq(n,m) <=signal2 (n) -res  | 
sgn_frq(n,in)  >=signal2  (n)  +res) 

signals  (n)  =sgn_frq{n,in)  ; 
elseif  signal4 (n) ==-l  &  ... 

{sgn_frq(n,m)<=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

{sgn_frq(n,m) <=signal2 (n) -res  | 
sgn_frq(n,m) >=signal2 (n) +res)  &  ... 

{sgn_frq(n,m) <=signalS (n) -res  | 
sgn_frq(n,m) >=signalS (n) +res) 

signal4  (n)  =sgn__f rq  (n,  m)  ; 
elseif  signals (n) ==-l  &  ... 

(sgn_frq(n,m)<=signall (n) -res  | 
sgn_frq(n,m) >=signall (n) +res)  &  ... 

(sgn_frq(n,m) <=signal2 (n) -res  | 
sgn_frq{n,in)  >=signal2  (n) +res)  &  ... 

(sgn_frq(n,in)  <=signalS  (n)  -res  | 
sgn_frq{n,m) >=signalS (n) +res)  &. . . 

(sgn_frq(n,in)  <=signal4  (n)  -res  | 
sgn_frq{n,in)  >=signal4  (n)  +res) 

signals  (n)  =sgn_frq(n,m)  ; 

end 

end 

end 

%output 

format  short  e 
output = [ f_inputl 
f_input2 
f— inputs 
f_input4 
f_inputS 
signall 
signal2 
signals 
signal4 
signals] 

end 


%f input. m  generates  randon  numbers  in  the  0-8  GHz  range 
%using  mat lab  function  "rand" 
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rand( 'state' , sum(100*clock) )  %resets  the  generator  to  a  different 
state  each  time 

y=rand(5,100) ;  %generates  a  5x500  matrix  of  random 

numbers 

y=y*lel0; 

1=1/'  %eliminates  the  elements  greater  than  8e9 

for  k=l:500 

if  y(k)<=8e9 
x(l)=y(k) ; 

1=1+1; 

end 

end 

finputl=x(l;50) ;  %generates  five  fifty-element  matrices 

finput2=x{51:100); 

finput3=x(101;150)  ; 

finput4=x(151:200)  ; 

finput5=x(201:250)  ; 
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APPENDIX  B.  THE  NUMBER  OF  ERRONEOUS  RESULTS 
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Table  B.l  -  The  Number  o£  Erroneous  Results  with  Two 

Sampling  Frequencies. 
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Table  B.2  -  The  Number  of  Erroneous  Results  with  Three 

Sampling  Frequencies. 
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